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CHAPTER 1
Functions and Their Graphs

Section 1.1  Rectangular Coordinates

B You should be able to use the point-plotting method of graphing.
B You should be able to find x- and y-intercepts.
(a) To find the x-intercepts, let y = 0 and solve for x.
(b) To find the y-intercepts, let x = 0 and solve for y.
B You should be able to test for symmetry.
(a) To test for x-axis symmetry, replace y with —y.
(b) To test for y-axis symmetry, replace x with —x.
(c) To test for origin symmetry, replace x with —x and y with —y.
B You should know the standard equation of a circle with center (%, k) and radius r:

(=P + (= kP =2

Vocabulary Check

1. (a) v horizontal real number line (b) vi vertical real number line
(c) 1 point of intersection of vertical axis and horizontal axis (d) iv four regions of the coordinate plane
(e) iii directed distance from the y-axis (f) ii directed distance from the x-axis
2. Cartesian 3. Distance Formula 4. Midpoint Formula
1. A:(2,6), B: (=6, —2), C: (4, —4), D: (—3,2) 2. A: (2, —4); B: (0, —2); C:(~3.3), D:(~6,0)
3 y 4

° 2
bt x
-6 —4 -2 2 4 6
-2
-4+ e
o 6
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7. (=3,4) 8. (4,-8)

11. x > Oand y < 0 in Quadrant I'V.

14. x > 2 and y = 3 in Quadrant 1.

17. (x, —y) is in the second Quadrant means that
(x, y) is in Quadrant III.
19. (x,y), xy > 0 means x and y have the same signs.
This occurs in Quadrants I and III.
21.
Year, x | Number of stores, y
5000
1996 3054 £ s
1997 3406 5 4000
_ﬂ-é 3500
1998 3599 E
3000
1999 3985
6 7 8 910111213
2000 4189 Year (6 <> 1996)
2001 4414
2002 4688
2003 4906
23.d=15-(-3)| =8 24.d=11-8| =|-7] =7

27. (a) The distance between (0, 2) and (4, 2) is 4.
The distance between (4, 2) and (4, 5) is 3.
The distance between (0, 2) and (4, 5) is
@—02+(G—-27=J16+9=.25=5.
(b) 42+32=16+9 =25=52

9. (—5,-5)

12. x < 0 and y < 0 in Quadrant III.

15. y < —5 in Quadrants III and IV.

10. (—12,0)

13. x = —4 and y > 0 in Quadrant II.

16. x > 4 in Quadrants I and IV.

18. If (—x, y) is in Quadrant IV, then (x, y) must be in

Quadrant III.

20. If xy < 0, then x and y have opposite signs. This happens

Temperature (in °F)

in Quadrants II and I'V.
2. Month, x | Temperature, y
1 -39
2 -39
3 -29
4 -5
5 17
6 27
7 35
8 32
9 22
10 8
11 —23
12 —34

25.d=12-(-3)|=5

40+
30+
20+
10+

—10+
20+
=301

-404

2 ® 6 8 10 12

Month (1 <> January)

26. d=|—4 — 6|
= |-10] = 10
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28. (a) (1,0), (13,5) 29. (a) The distance between (—1, 1) and (9, 1) is 10.
Distance = /(13 — 1)> + (5 — 0)? The distance between (9, 1) and (9, 4) is 3.
= /122 + 52 = /169 = 13 The distance between (—1, 1) and (9, 4) is
(13,5), (13,0) O—(=DP2+ @ -1 =100+ 9 = /109.
Distance = |5 — 0| = |5| = 5 (b) 102 + 32 = 109 = (,/109)?
(1,0), (13, 0)
Distance = |1 — 13| = |[—12] = 12

(b) 52 + 122 =25 + 144 = 169 = 132

30. (a) (1,5),(5,-2) (b) 42 + 72 =16 + 49 = 65 = (/65)°
Distance = /(1 — 5)2 + (5 — (—2))?
= V(=42 + (772 = V16 + 49 = /65
(1,5),(1,=2)
Distance = |5 — (=2)| = |5+ 2| =|7| =7
(1,-2), (5, -2)

Distance = |1 — 5| = |—4| =4
31. (a) y 32. (a) y 33. (a) 10 y
12+ 12»0\(1,12) Q\ 10 4
104 0+ AT
\ N6+
8+ ©,7) s+ N Ny
2 \ \
6 /,’ 6+ \ 24
g a4 e E TN
24 - 24 N i \\
—t ey . %H—+—\0(6;0+)—+—> x I )]
-2 2 4 6 8 10 -2 2 4 6 8 10
(b) d=JO =12+ (7 =17 ® d= V{1 -62+ (1202 (b) d= V@ + 32+ (=5 — 102
= /64 + 36 =10 = JV25+ 144 =13 = /64 + 225 =17
9+17+1 1+6 12+0 7 4—-—4 -5+ 10 5
) =(5,4 - =(=6 —F 5 ] =10,5
(C)<z 2) G.4) (C)(z 2) (2) (C)<z 2 ) <°2)
34. (a) y o5 35. (a) y 36. (a) v
80//” 5T (5.4 10+ (231(\))
64 ol e N o~
/// 37 4”"" AN
’ J-" 6 AN
2 [ e .
L ‘ -L2)| d .
10 -8 -6 ,7 -2 I ' Jl \‘
(—7,-4) =27 1 2 3 o4 s (10, 2)
(] —4+ -1+ t t t t t x
2 4 6 8 10
b d= V(=7 =272+ (—4 —3)? (b) d= 5+ 1>+ 4 -2)7 ) d= V2 =102+ (10 — 2)
= J81 + 144 = 15 =m22\/10 — /64+64:8ﬂ

~7+2 —4+38 5 —1+52+4) 2410 10 +2
(C)( 2 2 >:<_52) (°)< 2 2 >_(2’3) (c)< S >=(6,6)
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37. (a) y 38. (a)
s
2 t t x
5 4 2T _3 2 1
—= = 6 6
PR s
TTF-e
Ch-be -
L : -2
1 5)? 4\2 1 1\2 1 1\2
SN[ oo 3T
2 2 3 ® 36 372
_ fe Ll Y _ L 12
o3 36 36 6
o (B0 62 () ) )
2 2 6 Y 6/ 3 2) | _ (_1 _i>
2 ’ 2 4 12
39. (a) y 40. (a) y
87 204
67 f6;2;5'4) - 16A§, 12.3) 157
ot -7 RIS
(-3.7,1.8) _]-~ S~
o~ 21 5+ e
(5.6,4.9)
B N IR R A I I
—24 _54
(b) d= V(62 +37)%+ (5.4 — 1.8)? (b) d = J/(—16.8 — 5.6)> + (12.3 — 4.9)?
= /98.01 + 12.96 = /110.97 = J/501.76 + 54.76 = /556.52
6.2 —37 54+ 1.8 —16.8 + 5.6 123 + 4.9
(©) ( > 2 > = (1.25,3.6) (c) < 5 , 2 ) = (—5.6,8.6)
4a.d =JVEG-22+0—-172=.5 42.d = /(1 =32+ (-3-2)*=/4+25=/29
d =@+ 1P+ 0+57 =50 d=JVB+2P+ 2 -4 =V25+4=29
dy=V2+ 12+ (1 +52= 45 dy=JV0+2P+(-3-47=./9+49= 58
(V3) + (Va5) = (V50)° d, = d,
+ +
43. Since x,, = % and y, = N2 e have: 44. (a) (x5, 5,) = (2x,, — x4, 2y, — ¥1)
=2-4-1,2(-1)—-(-2) = (7,0
2x, =x +x, 2y, =ty ( -2 =00
(b) (x y) = (2x,, = x;,2y,, = »)
2x, = X =X, 2y, =V =¥ 22 pe .

Thus, (x,, y,) = (2x,, — x;,2y,, — ¥1)-

=(2-2—-(=5),2-4—11)=(9,-3)
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Xty +)’2)

45. The midpoint of the given line segment is < D

Xt x »nty

X
X tx Y1+YQ)iS !

The midpoint between (x,, y,) and ( >,

2 1 2 _ <3x1 +x, 3y, + )’2>
2 ’ 2 B 4 4 ‘

x1+x2+ nty

X tx oy ty,

The midpoint between < ) ) and (x,, y,) is

Thus, the three points are

*2 2 Ty _(x1+3x2 yl+3y2)
2 ’ 2 B 4 > 4 )

<3x1 +x, 3y, + YZ) <x1 +x oyt )’2) (xl +3x, y; + 3)’2)
) s 4 a1 )

4 4 2 0 2 4

46.
(a)( 4 4 4 4

(G-

4 4

<x,+x2y,+y2):<1+4 —2—1):<§ _g)
2 72 2’ 2 2 2

(xl +3x, y, + 3y2) (1 +3-4 -2+ 3(—1))
4 4 4 4

(3
4’ 4

47. d = /(42 — 18)> + (50 — 12)?
= /247 + 38
= /2020
= 2./505
~ 45 yards

3x, + x, 3y1+y2>_(3-1+4 3(—2)—1)

+ +
49 <2001 2003, 3433 4174) — (2002, 3803.5)
2 2
In 2002, the sales for Big Lots was approximately
$3803.5 million.

51 (—2+2,—4+5)=(0,1) 52. (=3 +6,6 — 3)
2+2 -3+5) =42 (-5 +6,3-3)
(~1+2,-1+5=(1,4) (=3 +6,0-3)

(-1+6,3-3)

54. (5- 10,8 — 6) = (—5,2)
(3-10,6 —6) = (—7,0)
(7 - 10,6 — 6) = (—3,0)
(5-10,2 —6) = (—5, —4)

4 7 4

3x, + x, 3y, ty
b 1 2 1 2) :
® e

3(—=2) + 0 3(—3) + 0)

<xl+3x2yl+3y2>:<—2+0 —3+0):<_1_
4 7 4 2

48. Distance = \/m
= /36,900
=30/41

192.09 kilometers

U

The plane flies about 192 kilometers.

$1987 + $2800 _ $4787

50 B >

~ $2393.50 million

=(3,3) 53. (=7 +4,—-2+8)=(-3,6)
=(1,0) (—2+4,2+8) =(2,10)
=(3,-3) (=2+4,-4+8)=(2,4)
=(5,0) (=7+4,-4+8)=(-3,4)

55. The highest price of butter is approximately $3.31
per pound. This occurred in 2001.
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56. Price of butter in 1995 = $1.75
Highest price of butter = $3.31 in 2001

331 — 1.75

175 ~ 89.1%

Percent change =

58. (a) Cost during Super Bowl XXVII (1993) = $850,000
Cost during Super Bowl XXIII (1989) =~ $700,000
Increase = $850,000 — $700,000 = $150,000

$150,000
$700,000

(b) Cost during Super Bowl XXXVII
(2003) = $2,100,000

Percent increase = ~ (0.214, or 21.4%

Increase = $2,100,000 — $850,000 = $1,250,000

$1,250,000

Percent increase = $850.000

=~ 1.47, or 147%

60. (a) The minimum wage had the greatest increase in
the 1990s.

(b) Minimum wage in 1990: $3.80
Minimum wage in 1995: $4.25

$4.25 — $3.80
$3.80

Minimum wage in 1995: $4.25

Percent increase: ( >(100) ~ 11.8%

Minimum wage in 2000: $5.15

$5.15 — $4.25
$4.25

(c) $5.15 + 0.212($5.15) = $6.24

Percent increase: ( >(100) =~ 21.2%

(d) The political nature of the minimum wage makes
it difficult to predict, but this does seem like a
reasonable value.

62. (a)

x |y

22 | 53 §

29 | 74 :

35 | 57 E

40 | 66 B ——
44 79 Math entrance test score
48 | 90

53 | 76

58 | 93

65 | 83

76 | 99

57, [2400 — 700

=00 ](100) ~ 242.9% increase

59. (a) The number of artists elected each year seems to be
nearly steady except for the first few years. Between
6 and 8 artists will be elected in 2008.

(b) Elections for inclusion in the Rock and Roll Hall of
Fame began in 1986.

61. (1996, 18,546), (2004, 21,900)
By Exercise 45 we have the following:

(3(1996) + 2004 3(18,546) + 21,900

1 1 ) = (1998, 19,384.5)

(1996 + 2004 18,546 + 21,900

) > ) > = (2000, 20,223)

(1996 + 3(2004) 18,546 + 3(21,900)

1 1 ) = (2002, 21,061.5)

Year | Sales for Coca-Cola Company

1998 $19,384.5 million
2000 $20,223 million
2002 $21,061.5 million

(b) The point (65, 83) represents an entrance exam score of 63.

(c) No. There are many variables that will affect the final exam score.
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4
63. V= 571';’3 64. V= mr’h
\% 603.2
5.96 = %71'}“3 h= a2 m(2)? = 48 feet
17.88 = 4mr?
17.88 _ |
47 g
r=.2/ 447 _ 1.12 inches
a
65. 66. S = 7RVR> + h?
1617 = (m)(14)V/ 14> + 2
s S
1617
617 rige+7e
147
s
16172
_ - — + 2
38 =129 (1477) 196 + i
S = 43 centimeters 2
S 14
h? + (E) =52
16172
(A7)~ 106 -
W g 147
4 h =~ 33.995 ~ 34 centimeters
V38
h==3
1 1. [(V/3S) /382
= () -
When § = 43 centimeters,
2
A= @ =~ 800.64 square centimeters.
67. (a) (b) I =15w (c) 25 = 5w
w P=2]+2w S=w
= 2(1.5w) + 2w Width: w = 5 meters
l = 5w Length: [ = 1.5w = 7.5 meters
Dimensions: 7.5 meters x 5 meters
68. (a) (b) w=1.25h = %h (c) V = 2000 = 20h>
; V=1-w-h=(16)h)®h) 100 = 12 = h = 10in.
i V = 20h2 w=(3)(10) =% = 12.5in.
l [=161in [ = 161n.
v<—w=%h—>¢/

Dimensions: 16 inches x 12.5 inches x 10 inches
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Pieces of mail (in billions)

69. () Year, x | Pieces of mail, y
(in billions)
1996 183
1997 191
1998 197
1999 202
2000 208
2001 207
2002 203
2003 202

(b) The greatest decrease occurred in 2002.

6 7 8 910111213
Year (6 <> 1996)

(c) Answers will vary. Technology now enables us to transport information in ways other than by mail.
The internet is one example.

70. (2) Year, x | Men’s teams, M | Women’s teams, W
1994 858 859
1995 868 864
1996 866 874
1997 865 879
1998 895 911
1999 926 940
2000 932 956
2001 937 958
2002 936 975
2003 967 1009

© 2 oS
S 28 2
3 8 3

900

=3
9
S

Number of basketball teams

4 6 8 10 12
Year (4 <> 1994)

(b) In 1994, the number of men’s and women’s teams were nearly equal.

(c) In 2003, the difference between the number of teams was greatest: 1009 — 967 = 42 teams.

71. y
o]
of
(=3,5)@ (3.5
(‘—2,‘1),2» .(2,‘I)
R I
o
=7.-3) 4 (7.-3)

(a) The point is reflected through the y-axis.

(b) The point is reflected through the x-axis.

(c) The point is reflected through the origin.
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72.

73.

75.

77.

79.

81.

84.

(a) First Set (b)
dA,B)=J2-22+(B—-62=./9=3
dB,C)=V2-62+(6-3?2=J/16+9=5
dA,0)=J2 -6+ (B -37=J16=4
Since 32 + 42 = 52, A, B, and C are the
vertices of a right triangle.

Second Set
dA,B) = VB =57+ (3 -27= .10
dB,C)=JG -2+ (2 -12=J/10
dA.C)= JE—27+ (3 — 1 = V40 (©
A, B, and C are the vertices of an isosceles triangle
or are collinear: \/E + /10 = 2\/T = \/E

False, you would have to use the Midpoint Formula 74.

15 times.

No. It depends on the magnitude of the quantities 76.

measured.

Since (xy, y,) lies in Quadrant II, (xo, —y,) must lie in 78.

Quadrant II1. Matches (b).

Since (x,, v,) lies in Quadrant II, (x,, 1y,) must lie in 80.

Quadrant II. Matches (d).

2+ 1=7x—4 82. Ix+2=5-1x
—5x= -5 %x+%x=5—2
x=1 %x=3
x=06
2x2+3x—8=0 85. 3x+1 <22 —x)
‘= -3+ J3)?2 - 4)(2)(-8) 3x+1<4—2x
22 Sy < 3
—3+ /9 64 N
x=—">"— X <3
4
x:—3i\/73

4

6 [ )
44
L) L]
2t
t x
-2 2 4 6 8

First set: Not collinear
Second set: The points are collinear.

If A, B, and C are collinear, then two of the distances will
add up to the third distance.

True. Two sides of the triangle have lengths /149 and the
third side has a length of /18.

Use the Midpoint Formula to prove the diagonals of the
parallelogram bisect each other.

<b+ac+0):<a+b£>

2 72 2 2

(a+b+Oc+O>:(a+b£>
2 T2 2 2

Since (x,, y,) lies in Quadrant 11, (—2x,, y,) must lie in
Quadrant I. Matches (c).

Since (x,, y,) lies in Quadrant II, (—x,, —y,) must lie in
Quadrant I'V. Matches (a).

83 x2—4x—-7=0
x2—4x =17

X —4x+4=7+4

(x—2)2 =11
x—2==x/11
x=2=+ JI11

86. 3x—82=3(10x+7)
2(3x — 8) = 10x + 7
6x — 16 > 10x + 7

\Y
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87. |x — 18] < 4 88. |2x + 15| = 11
-4 <x—18<4 2x+ 15 > 11 or 2x+ 15< —11
14 <x<?22 2x =2 11 — 15 2x < —11 — 15
2x 2 —4 2x £ —26
x= -2 x< —13
Section 1.2 Graphs of Equations
You should know the following important facts about lines.
| The graph of y = mx + b is a straight line. It is called a linear equation in two variables.
(a) The slope (steepness) is m.
(b) The y-intercept is (0, b).
B The slope of the line through (x,, y,) and (x,, y,) is
= Y2 =V _ change in y _ rise
X, —x; changeinx run
| (a) If m > 0, the line rises from left to right.
(b) If m = 0, the line is horizontal.
(c) If m < 0, the line falls from left to right.
(d) If m is undefined, the line is vertical.
| Equations of Lines
(a) Slope-Intercept Form: y = mx + b
(b) Point-Slope Form: y — y, = m(x — x,)
(¢) Two-Point Form: y — y, = Y2 : xl(x - x,)
2 1
(d) General Form: Ax + By + C =0
(e) Vertical Line: x = a
(f) Horizontal Line: y = b
| Given two distinct nonvertical lines
Liy=mx+ b, and Lyyy = myx + b,
(a) L, is parallel to L, if and only if m; = m, and b, # b,.
(b) L, is perpendicular to L, if and only if m;, = —1/m,.
Vocabulary Check
1. solution or solution point 2. graph 3. intercepts

4. y-axis

5. circle; (b, k); r 6. numerical
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lL.y=JUx+4
@ 0,2: 22 Jo+4 ® (5,3):32/5+4
2=2 3=9
Yes, the point is on the graph. Yes, the point is on the graph.

2. y=x>—=3x+2

@ 2.0:22-32)+2 20 (b) (—2.8): (=22 —3(-2) +22
1-6+220 4+6+272
0=0 12 #
Yes, the point is on the graph. No, the point is not on the graph.
Joy=4—|x—2
@ (1,5): 524 — |1 -2 ) (6.0: 024~ |62
5#4—1 0=4—14
No, the point is not on the graph. Yes, the point is on the graph.
4. y = %x3 — 2x2
@ (2. =%): j@7 - 20p £ -4 ® (=3,9): X=3p - 2(-32 20
g p.42 -1 {27 -20) 29
fogl-l —9—1829
s_zl 1 ~27#9
-8 18 No, the point is not on the graph.

Yes, the point is on the graph.

5.y=-2x+5 6. y=3x—1
x -1 0 1 2 > x | -2 0 1 4 2
y 7 5 3 1 0 y | -3 1 -1 0 !
5
ey [ (17| 0.9 | 1L3) | @D ]| Go) vy | (2= 0. -0 1= ]Eo) | (2}
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7.y=x*—3x

X -1 0 1 2 3

y 4 0 -2 -2 0

() | (=1,4) | (0,0) | (1,=2) | (2,=2) | (3,0)
8. 5—x?

x| -2 -1 0 1 2

y |1 4 5 4 1

xy | (=2,1) | (=1,4) | (0,5) | (1,4) | 2, 1)

9. y=16 — 4x?
x-intercepts: 0 = 16 — 4x?
4x2 =16
2 =4
x==%2
(=2,0),(2,0)

y-intercept:

1. y=5x—6

x-intercept:

y-intercept:

y =16 — 4(0)> = 16
(0, 16)

0=5x—-6

6 = 5x

6 _

3=x

(0)
y=50)—-—6=—-6
(0, —06)

13. y=JVx+ 4

x-intercept:

y-intercept:

0=Vx+4
0=x+4

—4 =x
(4,0
y=J/0+4=2
0,2)

10. y = (x + 3)?

x-intercept: 0 = (x + 3)?

0=x+3
x= -3
(=3,0

y-intercept: y = (0 + 3)?

y=3

y=9

(0,9)
12. y = 8 — 3x

x-intercept: 0 = 8 — 3x
3x=28

_8
A =3

G.0)
y-intercept: y = 8 — 3(0) = 8
(0,8)

4. y= V2x — 1
x-intercept: 0=V2x—1
2x—1=0
x =
(3. 0)
y-intercept: y = /2(0) — 1

=J-1 There is no real solution.

=

There is no y-intercept.
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15. y = |3x — 7| 16. y = —|x + 10|
x-intercept: 0 = |3x — 7| x-intercept: 0= —|x+ 10|
0=3x—-7 x+10=0
I=o x=-10
Z0) (—10,0)
y-intercept: y = [3(0) — 7| =7 y-intercept: y = —|0 + 10|
(0,7) = —[10| = —10
(0, —10)
17. y = 263 — 4x? 18. y = x* — 25
x-intercepts: 0 = 2x3 — 4x? x-intercept: 0 = x* — 25
0=2x%x—2) x*=25
x=0 or x=2 x=x¥32=25
(0,0), (2,0) (+/5.0)
y-intercept: y = 2(0)* — 4(0)? y-intercept: y = (0)* — 25 = —25
y=0 (0, —25)
(0,0)
19. y2=6 —x 20. y2=x+ 1 21. y-axis symmetry
x-intercept: 0 = 6 — x x-intercept: 0 = x + 1 ¥
xX=6 x=—1
(6,0) (—=1,0)
y-intercepts: y2 =6 — 0 y-intercepts: y> = 0 + 1
y==+./6 y ==l
(0, /6), (0, — V/6) (0, 1), (0, — 1)
22, 23. Origin symmetry 24, v
4T y
3
2:» /
1
BEEER NGRS
ol I’y
5] 3
ol 4]
25. x> —y=0 26. x—y=
(—x)?—y=0 = x*—y=0 = y-axis symmetry x—=(=y?=0
= (=y)=0 = x> +y =0 = No x-axis symmetry x—y=

(=x)2=(-=y) =0 = x2+y =0 = No origin symmetry

x-axis symmetry
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217.

28.

29.

30.

31.

32.

y=x

y = (—=x = y = —x* = No y-axis symmetry
—y=x*= y= —x* = No x-axis symmetry
—y=(-xP}= —y=—-x= y=x*= Origin symmetry
y=x*—x2+3

y=(—x*—(—x?+3 = y=x*— x>+ 3 = y-axis symmetry

—y=x*—-x>+3 = y=—x*+ x> — 3 = No x-axis symmetry

—y=(—x)*—(—x?+3 = y=—x*+ x2 — 3 = No origin symmetry
. x

YT R

- X - X

y= (—x)Tl = y= 211 => No y-axis symmetry

= =Y N . .

YT 2 YT 0 x-axis symmetry

—y= oy == sy = — " =5 Origin symmetr
Y (_X)2+1 Y 2+ 1 y 2+ 1 g y y
- 1

Y 1+ x2

1

y = m = y= T+ —=> y-axis symmetry

1

= —> No x-axis symmet;
1+ x2 * y Ty

- :>y:1+x2

-y = m = y= T+ e => No origin symmetry
x?+10=0

(=x)y* +10=0 = —xy> + 10 = 0 = No y-axis symmetry
x(=y?+10=0 = x> + 10 = 0 = x-axis symmetry

(=x)(=y)*+10=0 = —xy> + 10 = 0 = No origin symmetry

xy =4 3.y=-3x+1
(—x)y =4 = xy = —4 = No y-axis symmetry x-intercept: (%, 0)
x(=y) =4 = xy = —4 = No x-axis symmetry y-intercept: (0, 1)

(—=x)(—y) =4 = xy = 4 = Origin symmetry No axis or origin symmetry
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34.

37.

40.

y=2x—3
x-intercept: (%, O)

y-intercept: (0, —3)

No symmetry

y = x»+3
Intercepts: (0, 3), (\3/ -3, 0)

No axis or origin symmetry

x| —=2]—-1]01(1

y| =52 |3]4

11

y=Vv1I—x

Domain: (—oo, 1]
x-intercept: (1, 0)
y-intercept: (0, 1)

No symmetry

4 -3 -2 -]

35. y=x — 2x

Intercepts: (0, 0), (2, 0)

No axis or origin symmetry

x| —-1]0(1 |2

y|3 ol -1]o0

Ly=x—1

x-intercept: (1, 0)
y-intercept: (0, —1)

No symmetry

41. y = |x — 6]

Intercepts: (0, 6), (6, 0)

No axis or origin symmetry

x| =2]10|2|4]|6

10

y|8 [6]4al2]o0

36. y = —x> — 2x

x-intercept: (=2, 0), (0, 0)

y-intercept: (0, 0)

No symmetry

Ly =Vx—3

Domain: [3, c0)
Intercept: (3, 0)

No axis or origin symmetry

x|34|7]12
ylol1|2]3

.y =1-—|x]

x-intercepts: (1, 0)
y-intercept: (0, 1)

y-axis symmetry
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43. x =y — 1 4. x=y> -5 45.y:3—%x
Intercepts: (0, —1), (0, 1), (=1, 0) x-intercept: (=35, 0) 10
X-axis symmetry y-intercept: (O, +/5 ) k“'“‘“«-____\
-10 e 10

X-axis symmetry

-10

Intercepts: (6, 0), (0, 3)

47. y=x>—4x + 3 48. y=x>+x-2
10
10 10
~10 b / 10 \ /
-10 /,.- 10 ~10 ] 10
-10
-10 10
Intercepts: (0, —1), (%, 0) Intercepts: (3, 0), (1, 0), (0, 3) Intercepts: (—2,0), (1, 0), (0, —2)
2 __ 4 =3
9.y =" 50. y= 57 51y = Jx
10
10 10
. f L
-10 10 -10 —"’/;\"‘— 10 b b
1 -10
—10 -10
Intercept: (0, 0)
Intercept: (0, 0) Intercept: (0, 4)
52.y=3x+1 $3.y=x/xT6 54.y = (6 — x)Vx
10 10 10
L] — =10 10 10 -10 r/_\\\ 10
10 -10 -10
Intercepts: (—1,0), (0, 1) Intercepts: (0, 0), (—6,0) Intercepts: (0, 0), (6, 0)
55. y = |x + 3| 56. y =2 — || 57. Center: (0, 0); radius: 4
10 10 Standard form:
e (e = OF + (y = 02 =&
10 10 ~10 fue 10
X2 +y2=16
-10 -10

Intercepts: (—3,0), (0, 3) Intercepts: (£2,0), (0, 2)
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58. x — 0>+ (y — 02 =5 59. Center: (2, —1); radius: 4 60. (x — (=7)>+ (y — (—4)2 =7
2+ =25 Standard form: (x+ 7+ (y+4)? =49

=22+ -(=DP=4

(x=2P+(+1)2=16

61. Center: (—1,2); solution point: (0, 0) 62. r=J3B—-(—1))2+(-2-1)2
(= (DR + (-2 =2 - VFE (3P = VB =5
O+12+0—-22=r2= 5=12 (x—32+(y—(-2)2=5
Standard form: (x + 1) + (y —2)2 =5 (x—=32+(y+22=25

63. Endpoints of a diameter: (0, 0), (6, 8) 64. r = % (=4 — 42+ (—1—-1)?

0+6 0+38
Center: <T, T) =(3,4) :% /*(_8)2 T+ (-2
(=3t (- ap=r |
0—32+(0—42=r2= 25=> = Vo4 t4
Standard form: (x — 3)? + (y — 4)2 =25 1

=38 = (jJovT = 17

Midpoint of diameter (center of circle):

(—4 + 4’ -1+ 1) — 0.0)
2 2
(e =02+ (y = 07 = (V17)°
X2+ =17
65. x>+ y* =25 66. x> + y> =16 67. (x — 12+ (y+32=9
Center: (0, 0), radius: 5 Center: (0, 0), radius: 4 Center: (1, —3), radius: 3
y v v

68. 2+ (y—12=1 6. (x—1+(-3=3 70. (x — 22+ (y+3)2 =%
Center: (0, 1), radius: 1 Center: (%,3), radius: 3 Center: (2, —3), radius: 3

y y ¥

3
14

:
71\
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71. y = 225,000 — 20,0007, 0 <t < 8 72. y = 8100 — 9291,0 <t < 6
¥y v
250,000 1 8000
g )
= 200,000 + = 64001
- >
B 150,000 + T 48001
-2 g
2 100,000 8 32001
j=" =9
j9) 53
250,000 + o 1600+
R —— >
12345678 1 2 3 4 5 6
Year Year
1040
73. (a) (b) 2x + 2y =75
| 1040
y y="73 —xx
_ 520 _ X
= Y=

A=xy=aF -2

(c) 8000 (d) Whenx =y = 86% yards, the area is a maximum of
7511% square yards.

(e) A regulation NFL playing field is 120 yards long and
53% yards wide. The actual area is 6400 square yards.

of 180
74. (a) (b) P = 360 meters so:
2x + 2y = 360
' w=y=180 —x
- A=Iw=x(180 — x)
(c) 9000 (d) x=90and y = 90

A square will give the maximum area of 8100 square meters.

(e) The dimensions of a Major League Soccer field can vary
0 180 between 110 and 120 yards in length and between 70 and
80 yards in width.

75. y = —0.0025¢2 + 0.574r + 44.25, 20 < 1 < 100

(a) and (b) ’ (c) For the year 1948, let t = 48: y = 66.0 years.
100
_— (d) For the year 2005, let r = 105: y = 77.0 years.
§ 60 For the year 2010, let t = 110: y = 77.1 years.
(=%
E 40 (e) No. The graph reaches a maximum of y = 77.2 years
= 20 when ¢ = 114.8, or during the year 2014. After this time,
‘ the model has life expectancy decreasing, which is not

20 40 60 80 100

realistic.
Year (20 <> 1920)
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76.

77.

79.

81.

83.

85.

87.

(@ x |5 10 20 30 40 50 60 70 80 90 100
y | 43043 | 107.33 | 26.56 | 11.60 | 6.36 | 3.94 | 2.62 | 1.83 | 1.31 | 0.96 | 0.71
(b) ¥ (c) When x = 85.5,
450 1+
2 4004 10,770
2400 ) —
£ w0t =55 — 037=110327.
= 3001
g 238 (d) As the diameter of the wire increases, the resistance
2 1501 decreases.
Z 100+
250+
20 40 60 80 100
Diameter of wire (in mils)
False. A graph is symmetric with respect to the x-axis if, 78. True. The graph can have no intercepts, one, two or
whenever (x, y) is on the graph, (x, —y) is also on the many. For example, a circle centered at the origin has
graph. two y-intercepts. A circle of radius 1, centered at (7, 7),
has no y-intercepts.
The viewing window is incorrect. Change the viewing 80. y = ax? + bx?
window. Examples will vary. For example, y = x> + 20 s o
will not appear in the standard window setting. @ y = a(=2)? + b(=x)
= ax? — bx3
To be symmetric with respect to the y-axis; a can be
any non-zero real number, b must be zero.
(b) =y = a(=x)* + b(=x)*
—y = ax? — bx®
y = —ax® + bx?
To be symmetric with respect to the origin; @ must be
zero, b can be any non-zero real number.
o> + 4x® — 7 8. - (Tx7Tx7Tx7)=—-(1)=-7*
Terms: 9x°, 4x3, —7
V18x — V2x = 3/2x — V2x = 2/2x 84. ¥ =¥x-x*=|x|¥x
70 _ 70 V7x _70V7x _ 107x 86 55 _ 55  V20+3
Vix  VIx JVx Tx x TJV20-3 J20-3 J20+3
55(4/20 +3)  55(/20 + 3)
20—-9 11
=5(/20 +3) = 5(2/5 +3)
\s/fz = /6 = |t|'/3 - 3/|t| 88. 3 \[y - (yl/2)l/3 - y1/6 - \6/;
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Section 1.3  Linear Equations in Two Variables

You should know the following important facts about lines.

The graph of y = mx + b is a straight line. It is called a linear equation in two variables.

(a) The slope (steepness) is m.
(b) The y-intercept is (0, b).
The slope of the line through (x,, y,) and (x,, y,) is

Yo =Y changeiny rise
m= = —L = =
X, —x; changeinx run

(a) If m > 0, the line rises from left to right.
(b) If m = 0, the line is horizontal.

(c) If m < 0, the line falls from left to right.
(d) If m is undefined, the line is vertical.
Equations of Lines

(a) Slope-Intercept Form: y = mx + b

(b) Point-Slope Form: y — y, = m(x — x,)

(¢) Two-Point Form: y — y, = % — y'(x - x)

|
(d) General Form: Ax + By + C =0

(e) Vertical Line: x = a

(f) Horizontal Line: y = b

Given two distinct nonvertical lines

L:y=mx+ b, and L,y y = myx + b,

(a) L, is parallel to L, if and only if m;, = m, and b, # b,.
(b) L, is perpendicular to L, if and only if m; = —1/m,.

Vocabulary Check

1. linear 7. (a) Ax + By + C=0
2. slope (b) x=a

3. parallel ) y=5>b

4. perpendicular d y=mx+b>b

5. rate or rate of change e y—y =mx—x)
6. linear extrapolation

(iii) general form

(i) vertical line

(v) horizontal line

(ii) slope-intercept form

(iv) point-slope form

1. (a) m = % Since the slope is positive, the line rises.

Matches L,.

(b) m is undefined. The line is vertical. Matches L. Matches L,.

(¢) m = —2. The line falls. Matches L.

Matches L.

2. (a) m = 0. The line is horizontal. Matches L,.

b)) m=— %. Because the slope is negative, the line falls.

(c) m = 1. Because the slope is positive, the line rises.
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3. " 4. undefined ’
m=3
m=-3 44
ol
2 T2
76  p— i 4
24
5. Two points on the line: (0, 0) and (4, 6) 6. The line appears to go through (1, 0) and (3, 5).
rise 6 3 Y, — ¥ 5-0 5
SI = == 1 22 J1_ - ~_ =z
P T4 2 Slope = . T3 -1 2
7. Two points on the line: (0, 8) and (2, 0) 8. The line appears to go through (0, 7) and (7, 0).
rise —8 »w—y, 0—-7
Slope = - = —> = —4 Slope = 22— =~~~ =
ope run 2 ope xx,—x, T7-0
9. y=5x+3 10. y=x—10 1. y= —3x + 4
Slope: m =5 Slope: m =1 Slope: m = —%
y-intercept: (0, 3) y-intercept: (0, —10) y-intercept: (0, 4)
3 2
4 4 % 4 4 / X

1 23 456 78

(0,-10)

12.y=-3x+6 13. 5x —2=0 14. 3y +5=0
3 x = £, vertical line
Slope: m = —3 5 3y=-5
. Slope: undefined s
y-intercept: (0, 6) ) y=73
No y-intercept
, , Slope: m =0
1 y-intercept: (0, —%)
v
14
; x 1
-1 1 2 3
1 oo A
A -2
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15. 7x + 6y = 30 16. 2x + 3y =9 17.y—-3=0
y= —%x +5 3y=-2x+9 y = 3, horizontal line
7
Sl?pe: m= —% . —%x 43 Slope: m = 0
y-intercept: (0, 5) X y-intercept: (0, 3)
Slope: m = —3

18. y +4=0
y=—4
Slope: m =0
y-intercept: (0, —4)

.1
]
RS B R R
_1<>
Ll
)
51
o4
6—(—-2) 8
nom="""T2="2>
1—(-3) 4
s
6 (1,6)
5
4

y-intercept: (0, 3)

19. x+5=0
x= =5
Slope: undefined (vertical line)

No y-intercept

44
N
21
1<
+ + +—t+—+—+ + X
-7 - 4 -3-2-1 | 1
24
_3<>
44
22. SI —4 -4 4
. Slope = ———— = —
Pe="4
_V
at 2.4
o1
) N
24
-4+ (4,-4)
_1
25. m=—

st

44
(0, 3)

21
1

———t > x

-3 -2 -1 1 2 3

a4
20. x—2=0
x=2

Slope: undefined (vertical line)

y-intercept: none

o
i
B A EER A
-2+
-3+
—44
_4-CD 5
23.m—_6_(_6)—0

m is undefined.

6t
(-6.4) a4t
s
f —t x
-8 (=6.-1) 2
-2
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26.

29.

31.

33.

35

37.

39

41.

Chapter 1 Functions and Their Graphs
13
I | 8 1.6 — 3.1 —1.5 -2.6 — (—8.3)
- - -2 27. m = = =0.15 ) S .

Slope = 57 = 3 3 MT 5248 —10 28. Slope = 5o (“17s5) 4B
%A,

1l

1

ERE

¥ E

(-

2
Point: (2, 1), Slope: m = 0 30. Point: (—4, 1), Slope is undefined.

Since m = 0, y does not change. Three points are (0, 1),
(3,1),and (—1, 1).

Point: (5, —6), Slope: m = 1

Since m = 1, y increases by 1 for every one unit increase
in x. Three points are (6, —5), (7, —4), and (8, —3).

Point: (—8, 1), Slope is undefined.

Since m is undefined, x does not change. Three points are
(=8,0),(—8,2),and (=8, 3).

Point: (—5,4), Slope: m =2

Sincem =2 = % y increases by 2 for every one unit
increase in x. Three additional points are (—4, 6), (=3, 8),
and (—2, 10).

Point: (7, —2), Slope: m = %

Since m = %, y increases by 1 unit for every two unit
increase in x. Three additional points are (9, — 1), (11, 0),
and (13, 1).

Point (0, —2); m = 3 y
y+2=30x-0)

y=3x-—2

Point (—3,6);m = —2 y
y—6=—2(x+3) COX °T

y=—2x

32.

34.

36.

38.

40.

42.

Because m is undefined, x does not change. Three other
points are: (—4,0), (—4,3),(—4,5).

Point: (10, —6), Slope: m = —1

Because m = —1, y decreases by 1 for every one unit
increase in x. Three other points are: (0, 4), (9, —5),
(11, =7).

Point: (=3, —1), Slope: m =0
Because m = 0, y does not change. Three other points

are: (—4,—1),(=2,—1),(0, —1).

Point: (0, —9), Slope: m = —2

Because m = —2, y decreases by 2 for every one unit
increase in x. Three other points are: (—2, —5), (1, —11),
(3, —15).

Point: (—1, —6), Slope: m = —%

Because m = f%, y decreases by 1 for every 2 unit
increase in x. Three other points are: (—3, —5), (1, —7),
(5, —-9).

Point (0, 10); m = —1 ¥
y—10=—1(x — 0) \\(0,10)
y—10= —x

y=—x+10

Point (0, 0); m = 4 y
y—0=4(x—0)

y =4x
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43. Point (4,0);m = —3 y
y=0=—3k—4) T

I 4
y=Taxts3 <

45. Point (6, —1); m is undefined.

The line is vertical.

x=6
6l
oL
5]
o >4 (6,§71)X
-2
—4+
,6<>
47. Point (4, %), m=0 Y
The line is horizontal. 1
o
5
y=3 3 (+3)
2]
1
N I T S S
—14
49. Point (—5.1,1.8);m =5 y
34
y— 1.8 =5 — (-5.1)) Csiig 2t
y=5x+273 T
7o caa2a |
ol
5l
—44
sl
51. (5,—1)and (—5,5) y
5+1 8T
+1= —
y - 5(x 5)

44. Point (=2, —5);m = 3 y

46.

48.

50.

52.

y+5=%(x+2)

4y +20=3x+ 6

4y =3x — 14
_3 7
Y= 72

Point (— 10, 4); m is undefined.

Because the slope is undefined, the line is a vertical line

passing through x = — 10, which is the equation.
y
gt
64
(-10,4) 4t
2t
| et > x
-12 -8 -6 -4 -2 2
-2+
4+
-6+
. 1 _
Point (—5, 5), m=0 y
3 1 4
y=3=00c+3)
34
_3_ 13
Y2 (33)2
_3 1
Yy =2
M e
-3 -2 -1 1 2 3
1+
2+
. 5 ,
Point (2.3, —8.5);m = —3 y

y— (—85) = —3(x — 23)
y+85=—25x+575

y=—25x—2.75

4,3),(—4,—4) y
y—3=:i:i(x—4) j

.1 4.3
3= SN
y—SZ%x—%

~
|
[ RN
=
|
N | —
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53. (=8, 1)and (—8,7)

Since both points have 8.7 8T
x = —38, the slope is ’ ol
undefined, and the line ol
is vertical.
24
x= -8 A S
-10 -6 -4 -2
2+

1 15
55. <2, 2) and <2, 4>

5 1
1_i-2
y— o= (x—-2) 1
> %_ \
1 1 r
=——(x—-2)+ =
y 2(x 2) >
Ly
R -
YT

1 3 9 9
57. (—10,—5> and(lO’_S)

10 10
6 1 3
v= 5l i) -3
6 18 ;
YT 5N T 05 )
24
N
oo —
TN
(_10’_5) T o o
(E’_E)
2+
59. (1,0.6) and (=2, —0.6)
—0.6 — 0.6
—06=—""(x—1
y - @~

y=04x—1)+ 0.6
y=04x + 0.2
y
3t

24

—t—+—+—>x
-3 1 2 3
(-2,-0.6) T

2+

34

54.

56.

58.

60.

(—1,4),(6,4)
4—4 81
—4= """ (x4 1
y 6_(_1)()6 ) ol
1.4 (6, 4)
y—4=0x+1)
21
y—4=0 ‘ ‘
-2 2 4 6
y=4 "
2
1,1),(6,—= v
. (6.3
Wl
*1=_%_1(x*1) 31
Y 61 N
~¢

(é §> (_i Z) \
427\ 34 '
7 3 3T
3 _a7>2( 3 (-4.7)
Yoo T e\t Ty Y e
13 4 ——
= 4 (3 3
3_ 4 3 T(33)
YT T Is\* T,
12 } } } } x
-2 -1 1 2
_3_ _i( _ §) N
YT 27 Tos 4
3 3 9
—_ — [ + —_
YT 2T 25 T 100
__3 15
YT 725 T 100
(—8,0.6), (2, —2.4)
—24-06 T
y—06=—"—"(x+38) 4t
2-(-8) (-8,0.6) 24
vt x
~10 -8 -6 1 (2.-24)

3
—06=—"(x +
y— 06 1O(x 8)

10y — 6 =—3(x + 8)
10y —6=—-3x—24
10y = —3x — 18
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1 1
61. (2, —1)and (3, —1 v 62. |5, —2 ,(—6,-2) )
3t 3l
-1 —(=1 1 -2—-(=2 2T
y+1:#(x—2) 2 y+2:7(1)(x+6) I
372 T —0—53 —————+ > x
f1=0 , e -6-5-4-3-2-1 | 1 2
y = — } | ) 1
l ytz= it +6) (-6,-2) i
y=-1 Eo) e -3 : 452
ol
The line is horizontal. -3t y+t2=0 sl
y=-2
7 !
63. (g, ) and ( ) 64. (1.5, —2),(1.5,0.2) Y
-2-02 T
177(78) % and is undefined. y+2= 1.5-15 (=15 &
373 T Jason
7 —2-02 +——t Pt
. , y+2=——@(x-15 3 5 . 1]2 3
3 —14+
21 (Z) ) Ll (15,-2)
The line is vertical. A ) The slope is undefined. The
RERE LR ER ’ line is vertical. 2T

65. L;: (0, —1),(5,9)
9+1
Slope of L;: m = 5_0 2
Ly (0,3), (4, 1)
-3 1
Slope of L,: m = i-0" 2
L, and L, are perpendicular.
68. L: (4,8),(—4,2)
2-8 _=6_3
T 44T S8 4
1
3,=5),|-L3
0.9.(13)
;-39 % 4
m, = =—=—=
-1-3 -4 3

The lines are perpendicular.

66.

69.

x=15
Ly (=2, —1),(1,5)
_S-=D_6_,
MmTT (=) 3
L,: (1,3),(5,—-5)
-5-3 -8
TS T T

The lines are neither parallel nor
perpendicular.

4x — 2y =3
y=2x-3
Slope: m = 2
@ (2,1),m=2
y—1=2x-2)
y=2x—3

® (2. 1).m = f%

1
y=1=—5k=2)

1
y=—§x+2

67. L: (3,6),(—6,0)

0-6 2
Slope of L;: m = “6-3 3
Ly: (0,-1),(5,3)

3+1 2
Slope of L,: m = —— s—0 3

L, and L, are parallel.

70.

x+y=17

y=—x+7

Slope: m = —1

(@ m=—1,(-3,2)
y—2=—-1x+3)
y—2=—-x—-3

y=-—x—1

by m=1,(-3,2)

y—2=1(x+3)

y=x+5
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71.

74.

76.

78.

-3
0

(a) (—1,0)andm = 0

y=0

X

(b) (—1,0), m is undefined.

=-1

(a) (2,5), m is undefined. The line is vertical, passing

3x+4y =7 72. 5x + 3y =0 73. y
y=*%x+% 3y = —5x m
Slope: m = —% y= —%x
(a) (—%, %),m = —% Slope: m = —%
5 (13
y—i= -3l —(-3) @ m=-3(%3)
3 5 7
y=—ix+3i Y= 3(x*8)
®) (~5.8m=1 24y = 18 = —40x — )
7 _ 4 2 18 = —
y—gzg(x—(_i)) 24y — 18 = —40x + 35
=%x+% 24y = —40x + 53
5 3
y=— i
) m =3 (.3)
3_3 7
Yy~ 4= 5( - §)
40y — 30 = 24(x — 3)
40y — 30 = 24x — 21
40y = 24x + 9
3 9
y=5t
y=1 75. x =4
Slope: m =0 m is undefined.
(@) m=0,(4,—-2)
through (2, 5).
y+2=0x—4) gh (2.5)
x=2
y+2=0
(b) (2,5),m=0
y=-2
y=5
(b) The reciprocal of 0 is undefined. The line is vertical,
passing through (4, —2).
x=4
x=-2 77. x —y=4
Slope: undefined y=x—4
(a) The original line is the vertical line through x = —2. Slope: m =1
The.line Parallil to this line containing (=5, 1) is the (@) (2.5.6.8).m = 1
vertical line x = —35.

(b) A perpendicular to a vertical line is a horizontal line,
whose slope is 0. The horizontal line containing
(=5, 1) is the line y = 1.

6x +2y =9
2y = —6x +9
y=—3x+%
Slope: m = —3

(@ (=39,-14),m= -3
y—(=14) = =3(x — (-3.9)
y+14=-3x— 117
y=—3x —13.1

y—6.8=1(x—25)
y=x+43

(b) (=39, —14),m =1

y = (—14) = 3(x — (—3.9))

y+14=13x+13

y=3—01

(b) (2.5,6.8),m = —1
y—68=(—1)(x—2.5)
y=—-x+93
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79.

82.

85.

87.

89.

2x

(@ y
(b) y
(© y=1x

—2x

(b) and (c) are perpendicular.

(@ y=—3x
(b) y=—3x+3
© y=2v—4 -

(a) and (b) are parallel. (c) is
perpendicular to (a) and (b).

80. (—3,0),(0,4)

+2=1

A=

-3
(—12)%3 + (—12)% —(-12) - 1

4x —3y+12=0

I<

X
~1/6

Y

81. 5

+

3
+Iy=—
6x > 1

2x +3y+2=0

8. “+2=1 c#0 84. (d,0), (0,d), (~3,4)
c c
Xy
+y = —+==1
X y C d d
1+2=
¢ xt+y=d
3=c¢
-3+4=d
+y=3
Y 1=d
x+y—3=0 x+y=1
x+ty—1=0
® 4 @ 86. (a) y = 3x 6 ©
(c) (b) y = _%x T(a)
6 > -9 9
) y=3x+2
4 (a) is parallel to (c). (b) is gr )
perpendicular to (a) and (c).
8 () 88. (a) y=x—38 10 _~(b
T
\\Z b y=x+1 / 4@
14 -14 16
®) (c) y=—-x+3
- @ (a) is parallel to (b). (c) is i\

perpendicular to (a) and (b).

Set the distance between (4, — 1) and (x, y) equal to the distance between (—2, 3) and (x, y).

G-+ - P
(= 4P+ (5 + 17

=8 +16+y>+2y+1=
—8x+2y+17=
0=
0=

0=

= 2P+ (- 37
(x+22+(y—3)?
X t+4x+4+yP—6y+9
4x — 6y + 13
12x — 8y — 4
4Bx — 2y — 1)
3x — 2y — 1

This line is the perpendicular bisector of the line segment connecting (4, — 1) and (-2, 3).
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90. Set the distance between (6, 5) and (x, y) equal to the distance between (1, —8) and (x, ).
=62+ (y—52=V—17+(y—(=8) y

(=62 + (= 5P = (= 12+ (v + 8 T s
2126 +36 43— 10y +25=22—2x+ 1 + 2 + 16y + 64 s s
2T 1’
242 _ — 242 d
x>+ y 12x — 10y + 61 = x> + y* — 2x + 16y + 65 SOOI
—12x — 10y + 61 = —2x + 16y + 65 4t ,’(z 7;)
1 \2" 2
-6+ 1
—10x — 26y —4 =0 gt (1,-8)

—2(5x+ 13y +2) =0
Sx+ 13y +2=0

91. Set the distance between (3, %) and (x, ) equal to the distance between (—7, 1) and (x, y).
3
Ve-32+ (-3 = V- CIF+ G- 17
=32+ (= =G+72+ (-1

R+ 9+ Sy +F =+ A +49+ )2 -2y + 1

—6x — 5y + & = 14x — 2y + 50
—24x — 20y + 61 = 56x — 8y + 200
80x + 12y + 139 = 0

This line is the perpendicular bisector of the line segment connecting (3, %) and
(=7, 1.

92. Set the distance between (—3, —4) and (x, ) equal to the distance between (2, 2) and (x, y).
Vo= + - = Ve -+ 6 -
A S

RHxti+t P8yt 16=2-Tx+L+P2-y+54

R+ +x+8y+ 8=+ -3+ 2

x+8y+%=*7xfgy+%

8x+%y+%=0

128x + 168y + 39 = 0

93. (a) m = 135. The sales are increasing 135 units per year. 94. (a) m = 400. The revenues are increasing 400 units per day.
(b) m = 0. There is no change in sales during the year. (b) m = 100. The revenues are increasing 100 units per day.
(¢) m = —40. The sales are decreasing 40 units per year. (¢) m = 0. There is no change in revenue during the day.

(Revenue remains constant.)

_ 61,768 — 55,722 _ 74,380 — 69,277

95. (a) (0,55,722), (2, 61,768): m o = 3023 (6, 69,277), (8, 74,380): m - = 2551.5
(2,61,768), (4, 64,993): m = %:21’768 =1612.5  (8,74,380), (10,79,839): m = w =2729.5
(4, 64,993), (6, 69,277): m = 69,277 = 64993 _ 5145 (10, 79,839), (12, 83,944): m = 83,944 — 79839 _ 0505

6—4 12 - 10

The average salary increased the most from 1990 to 1992 and the least from 1992 to 1994.

—CONTINUED—
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95.

96.

98.

99.

101.

103.

—CONTINUED—

(b) (0,55,722), (12, 83,944): m 2-0

_ 83,944 — 55,722

~ $2351.83

(c) The average salary for senior high school principals increased by $2351.83 per year over the

12 years between 1990 and 2002.

(a) The greatest increase of $16.2 million is between 97. y = Lx
2002 and 2003. The least increase of $5.4 million is 100
between 2000 and 2001. 6
y = ——(200) = 12 feet
) Slope = 2227166 _ 4 1o 100
T Ty T
(c) Each year the net profit increases by $9.18 million.
(a) and (b) (c)m:L(*ZS):iS:_L
600 — 300 300 12
x | 300 | 600 | 900 | 1200 | 1500 | 1800 2100 1
y — (=50) = *E(x — 600)
y| —=25| =50 | =75 | —100 | —125 | —150 | —175
1
y+50=—-—"—x+50
Horizontal measurements 12
600 1200 1800 2400 1
2 y = 775X
5 - 12
g 50
2 -100 (d) Since m = —ﬁ, for every change in the horizontal
:é 150 measurement of 12 units, the vertical measurement
8 decreases by 1.
5 -200
g 1
N (e) D =~ (0.083 = 8.3% grade
(5,2540), m = —125 100. (5, 156), m = 4.50
V — 2540 = —125(t — 5) V — 156 = 4.50(t — 5)
V — 2540 = —125¢t + 625 V — 156 = 4.50r — 22.5
V= —125t + 3165, 5 << 10 V=45+1335, 5<t<10
Matches graph (b). 102. Matches graph (c).

The slope is — 20, which represents the decrease in
the amount of the loan each week. The y-intercept
is (0, 200), which represents the original amount
of the loan.

Matches graph (a).

The slope is 0.32, which represents the increase in
travel cost for each mile driven. The y-intercept is

(0, 30), which represents the fixed cost of $30 per day
for meals. This amount does not depend on the number

of miles driven.

The slope is 2, which represents the increase in the
hourly wage for each unit produced. The y-intercept is
(0, 8.5), which represents the hourly rate if the employee
produces no units.

104. Matches graph (d).

The slope is — 100, which represents the amount
by which the computer depreciates each year. The
y-intercept is (0, 750), which represents the original
purchase price.
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105.

107.

109.

110.

111.

113.

4.04 — 0.18

(5.0.18), (13, 4.04): m = ==

= 0.4825

y — 0.18 = 0.4825( — 5)

y = 0.4825t — 2.2325
For 2008, use t = 18: y(18) =~ $6.45
For 2010, use t = 20: y(20) = $7.42

Using the points (0, 875) and (5, 0), where the
first coordinate represents the year # and the
second coordinate represents the value V, we have

0— 875 175
m= = —
5-0

V= —175t + 875, 0<t<5.

(@) (0,40,571), (4, 41,289):

_ 41,289 — 40,571

o = 1795

y = 179.5¢t + 40,571

(a) Average annual salary change from 1990 to 2003:

48,673 — 36,531 _ 12,142
13-0 13

= 934 students per year

(©) m = 934, b = 36,531, so N(r) = 934t + 36,531.

The slope, 934, represents the average annual change
in enrollment.

Sale price = List price — 15% of the list price
S=L-0.15L
S =0.85L

(a) C = 36,500 + 5.25¢ + 11.50¢
= 16.75¢ + 36,500

© P=R-C

27t — (16.75t + 36,500)

10.25¢ — 36,500

106. ¢ = 9 represents 1999, (9, 4076).
t = 13 represents 2003, (13, 1078).

4076 — 1078 _ —2998
m= T = . = 495

N = —749.5t + 10,821.5

t = 18 represents 2008:

N = —749.5(18) + 10,821.5 = —2669.5 stores
t = 20 represents 2010:

N = —749.5(20) + 10,821.5 = —4168.5 stores

These answers are not reasonable because they are
negative.

108. (0, 25,000) and (10, 2000)

2000 — 25000
m==mo T =~ 2300

V = —2300r + 25,000, 0<¢r<10

(b) For 2008, use r = 8: y(8) = 42,007 students.
For 2010, use ¢ = 10: y(10) = 42,366 students.

(c) The slope is m = 179.5, which represents the increase in

the number of students each year.

(b) Using (a) to estimate the enrollment in:
1994: 36,531 + 4(934) = 40,267 students
1998: 36,531 + 8(934) = 44,003 students
2002: 36,531 + 12(934) = 47,739 students

(d) Answers will vary.

112. W = 0.75x + 11.50

(b) R =27t
(d) 0 = 10.25r — 36,500
36,500 = 10.25¢
t = 3561 hours
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114. (580, 50) and (625, 47) 115. (a) _
@m=-2=0 _-3__1 I
VT 625 — 580 45 15 10m
x— 50 = —L( — 580) l
157 L
ISm =
1 116
X_SO:_EP+T (b) y =2(15 + 2x) + 2(10 + 2x) = 8x + 50
_ _i . @ (c) 150
TP T3 /
1 266 .
= — + =2 =
(b) x 15(655) 3 45 units i .
0
1 266 . . . . o
(c) x = —3(595) + 3 = 49 units (d) Since m = 8, each 1-meter increase in x will increase
y by 8 meters.
116. W = 0.07S + 2500 117. C = 0.38x + 120
118. ’ 119. (a) and (b)

120. (a) and (b)

2500 1

e
=
° 1
23 2000
—
s B
% 5 15001
£3
2 § 1000 1
=g o
S 5001 @
£
= t
6 8 10 12
Year (6 <> 1996)

Using a calculator, the linear regression line is
y = 300.3¢t — 1547.4. Choosing the points (7, 550)
and (10, 1400):

1400 — 550 850
m = 107_7 = T = 283.3

y — 550 = 283.3( — 7)
y = 28331 — 1433.1

The answer varies depending on the points chosen to
estimate the line.

2

g

3

()

Py 41

g y—SSZK(X_IO)

=z
10 12 14 16 18 20 _ ﬂx
Average quiz score y 9

96— 55 41

"T19-10 9

=

d

G
()

(c) Two approximate points on the line are
y (10, 55) and (19, 96).

(in millions)

Cellular phone subscribers

2 4 6 8 1012
Year (0 <> 1990)

Answers will vary. Find two points on your line
and then find the equation of the line through your
points. Sample answer: y = 11.72x — 14.08

Answers will vary. Sample answer: The y-intercept
should represent the number of initial subscribers. In
this case, since b is negative, it cannot be interpreted
as such. The slope of 11.72 represents the increase in
the number of subscribers per year (in millions).

The model is a fairly good fit to the data.
Answers will vary. Sample answer:
y(18) = 11.72(18) — 14.08

= 196.88 million subscribers in 2008

41 85
= — + — =
@ y =507+ =87

(e) Each point will shift four units upward,
so the best-fitting line will move four
units upward. The slope remains the
same, as the new line is parallel to the
old, but the y-intercept becomes

85 121

= +4)=(0,—=

(05 +3)= (05
41 121

so the new equation is y = 9% + 9
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121.

123.

125.

127.

129.

131.

133.

135.

137.

139.

False. The slope with the greatest magnitude corresponds
to the steepest line.

Using the Distance Formula, we have AB = 6,
BC = /40, and AC = 2. Since 6> + 22 = (/40 )%,
the triangle is a right triangle.

No. The slope cannot be determined without knowing
the scale on the y-axis. The slopes will be the same if the
scale on the y-axis of (a) is 2% and the scale on the

y-axis of (b) is 1. Then the slope of both is 3.

The V-intercept measures the initial cost and the slope
measures annual depreciation.

y = 8 — 3xis a linear equation with slope m = —3
and y-intercept (0, 8). Matches graph (d).

y= %xz + 2x + 1 is a quadratic equation. Its graph is a
parabola with vertex (—2, —1) and y-intercept (0, 1).
Matches graph (a).

—73 —x) = 14(x — 1)
=21 + 7x = 14x — 14
—Tx =1

x=—1

2x2 —2lx + 49 =0
2x—7)x—7) =0

2x—7=0 or x—7=0
7
x=5 or x =17
JXx—=9+15=0
Jx—9=-15

No real solution

The square root of x — 9 cannot be negative.

Answers will vary.

122,

124.

126.

128.

130.

132.

134.

136.

138.

Lo 4-2 2
(—8,2)21nd(—1,4).m1—_1_(_8)—7
Lo _T=(=4) _ 11
(0, —4) and (=7,7) :m, = 70 —7

False, the lines are not parallel.

On a vertical line, all the points have the same x-value, so
Y2 ™ N
Xy T X

in the denominator, and division by zero is undefined.

when you evaluate m = , you would have a zero

Since |—4| > ’%‘, the steeper line is the one with a slope
of —4. The slope with the greatest magnitude corresponds
to the steepest line.

No, the slopes of two perpendicular lines have opposite
signs. (Assume that neither line is vertical or horizontal.)

y=8—a
Intercepts: (64, 0), (0, 8)
Matches graph (c).

y= |x + 2| -1
Intercepts: (—1,0), (—3,0), (0, 1)
Matches graph (b).

8 _ 4
2x—7 9 —4x
8(9 — 4x) = 42x — 7)
72 — 32x = 8x — 28

—40x = — 100
5

X ==

2

-8 +3=0

_ b+ Vb? — dac
2a
_ —(=8) + /(=8 - 4(1)B)
2(1)

3x - 16J/x+5=0

(BVx-1)(Vx=5)=0
3/x—1=0=x=3%
Vi=5=0= x=25
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(a) Find the domain and range.
(b) Evaluate it at specific values.

B You should be able to use function notation.

B Given a function, you should be able to do the following.

B Given a set or an equation, you should be able to determine if it represents a function.

Know that functions can be represented in four ways: verbally, numerically, graphically, and algebraically.

Vocabulary Check
1. domain; range; function
3. independent; dependent

5. implied domain

2. verbally; numerically; graphically; algebraically
4. piecewise-defined

6. difference quotient

11.

13.

. Yes, the relationship is a function. Each domain value is

matched with only one range value.

. No, the relationship is not a function. The domain values

are each matched with three range values.

. Yes, it does represent a function. Each input value is

matched with only one output value.

. No, it does not represent a function. The input values of

10 and 7 are each matched with two output values.

. (a) Each element of A is matched with exactly one

element of B, so it does represent a function.

(b) The element 1 in A is matched with two elements,
—2 and 1 of B, so it does not represent a function.

(c) Each element of A is matched with exactly one
element of B, so it does represent a function.

(d) The element 2 in A is not matched with an element
of B, so the relation does not represent a function.

Each is a function. For each year there corresponds one
and only one circulation.

X+y=4 = y=+t/4-x

No, y is not a function of x.

10.

12.

14.

. No, it is not a function. The domain value of —1 is

matched with two output values.

only one range value.

. No, the table does not represent a function. The input

values of 0 and 1 are each matched with two different
output values.

. Yes, the table does represent a function. Each input

value is matched with only one output value.

(a) The element ¢ in A is matched with two elements,
2 and 3 of B, so it is not a function.

(b) Each element of A is matched with exactly one
element of B, so it does represent a function.

(c) This is not a function from A to B (it represents a
function from B to A instead).

(d) Each element of A is matched with exactly one
element of B, so it does represent a function.

Reading from the graph, f(1998) is approximately
11 million.

x=y= y=+/x

Thus, y is not a function of x.

. Yes, it is a function. Each domain value is matched with
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15.

17.

19.

21.

23.

25.

217.

29.

31.

XH+y=4 = y=4—x*

Yes, y is a function of x.

Ak +3y=4 = y=14—2)

Yes, y is a function of x.

V=x>-1= y=+xJ/x>—-1

Thus, y is not a function of x.

y =4 -«

Yes, y is a function of x.

x=14

Thus, this is not a function of x.

fx) =2x—3

(@ f(1)=2(1) -3 =—1

(b) f(=3)=2(-3)-3=-9

@© fex—1)=2x—1)—-3=2x—5

Vi) = b
(@) V(3) = 37(3)* = 3m(27) = 36w
) W) = 3 = $(3) = 3=

(© V2r) = 3m(2)" = 3a(8r) = Fmr
fy) =3~y

@ f@4)=3-J4 =1

(b) £(0.25) =3 — /025 =25

(© fl4x?) =3 — J4x> =3 — 2|x|

1

qlx) =

x> -9

1 1

0) = - -

@ 40 = 5= "5

p— 1 M ol
(b) ¢(3) = 79 S undefined.
1 1

(©) gly +3) =

(V+32-9 y+6y

16.

18.

20.

22.

24.

26.

28.

30.

32.

x+ty =4 =y=+/4—x

Thus, y is not a function of x.

x—22+y2=4 = y=+/4— (x — 2)?

Thus, y is not a function of x.

y=Jx+5

Yes, y is a function of x.

yj=4—-—x = y=4—xory=—(4 —x)

Thus, y is not a function of x.

y=—-75o0ory=-75+ 0Ox

y is a function of x.

gly) =7-3y

(a) g(0) =7 —3(0)=7

® g)=7-33) =0

(© gls +2)=7—3(s +2)
=7—-3s—6=1—3s

ht) =12 — 2t
@@ h(2) =22 —2(2)=0
(b) h(1.5) = (1.5)2 — 2(1.5) = —0.75

© hx+2)=(x+22—-2x+2) =x2+ 2x

flx) =Vx+8+2
(@) f(—=8) = V(-8 +8+2=2
M f1)=J/1)+8+2=5

© fx—8=Vx—-8 +8+2=Jx+2

o) = 2t2t:r 3
_202P+3 843 11
() ¢(2) = TQr T 4 s
_2(02+3
(b) ¢(0) = Tor

Division by zero is undefined.

2(—x2+3 22 +3
(©) g(—x) = ((i)x)Z = xz

X
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20+ 1, x<0
33. f(x) :% 34. f(x) = |x| + 4 35. f(x) = {2§+ ) i;o
W =21 @ f@ =2 +4=6 @ 1) = 2A=1) + 1= -1
= O 2= (0 f0) = 2(0) +2 =2
() f(=2) = 5 =-1 (c)f(x)=|x|+4=x+4 © f2)=22)+2=6
B _|x 1| -1 ifx<1
© for=1D =" _{1 ifx> 1
240 < 1 3x—1, x< —1 4 —5x, x< =2
36. f(x)=<[ . - 37. f(x) = 14, —-1<x<1 38. f(x) =140, —2<x<2
2%+ 2, x>1 2, > 1 P4l xs2
(@ f(=2) = (-22+2=6 (@ f(-2)=3(-2) —1=-7 (@) f(=3) =4 — 5(=3) =
— 2 —
® A1) =(1f +2=3 ® f(-3) =4 (b) F4) = (4P + 1 =17
= 2 =
@ f@=202¢+2=10 © f3) =% =9 © f(=1) =0
39. fx) =x*—-3 40. g(x) = V/x -3
f(=2)=(=27-3=1 gB3)=V3-3=0
f=D=(=1)p-3=-2 @ =va-3=1
£0) = 07 3 = -3 (5)= 5 3= V3
f)=(1y-3=-2 g6)=V6—-3=.3
fQ)=02r-3=1 g7 =J7-3=2
x| -2 -1]o0 |1 |2 x |3lals |6 |7
f |1 |2 -3 -2]1 gy o 1| V2| V3|2
41. h(z)=1|t+3| PR
s—2
1 _ _lo-2 2
h(=5) = |5+3| I O =5 ==="1
1 1 =2 1
W) = Y431 =3 fp=t2o oy
1 3 13/2) =2 _ 1/2
h(=3) 3+43]=0 3\ _ _
(=gl-3 43 f(z) Go-2 12!
W=2) = -2 +3] =1 S\ _ 16/ 2] _1/2_
=2 2| =2 f(z) (5/2) -2  1/2
1 _
h(=1) ==|—1+3] =1 _a-2_ 2
(=1) = | fay=t—=3=1
t =5 -4 | -3 -2 | —1 s 0 1 % % 4
R |1 |5 o |3 |1 f&) | =1 =1 =1 1] 1
8. 1) = { Ix+4, x<0 f(=2)= -4-2)+4=5
W2k 0 FD = -1+ 4 =ah =3
x| —2|-1]o|1]2 F0)= -0 +4=4
fO 15 |3 |[4]1]o0 f)y =01 —-22=

f@)=@2-27=
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9 —x2, x<3
M. 1) = {x -3, x23
f)y=9-0y= x | 1]2]3]4]5s
J@=9-@p=5 fo 850 1]2
fB)=0B-3=0
@ =4 -3=1
=06 -3=2
45. 15— 3x =0 46.  f(x) =5c+1 47.3x5_4:0
3x=15 S5x+1=0 Ay — 4 =
3
48 f(x):lzs_x 49. 2-9=0 50. fl)=x—8x+15
12*x2:0 X2 = X2—8+15=0
5 x==3 x—5x—-3)=0
=12 x—=5=0=x=5
x:i\/ﬁ:iZ\/g x—3=0=x=3
51. X¥=x=0 52. f)=x—x>—4x+4
x(x2=1)=0 X¥P-x2—4x+4=0
xx+ Dx—1)=0 Xx—1)—-4x—-1=0
x=0,x=—lorx=1 x—1Dx>-4)=0
x—1=0=x=1
X*—4=0= x==2
53. f&) = gx) 54. fx) = glx) 55. &) = glx)
X+2x+1=3x+3 x4t =202 = 2x2 Sx+1=x+1
X=x—-2=0 x*—4x?2 =0 V3x=1x
x+1Dx—2) =0 K —4)=0 3x =¥
x=-1or x=2 ¥ +2)x—2)=0 0=x>—3x
X=0=x=0 0=x(x—3)
x+2=0=x=-2 x=0 or x=3
x—2=0=x=2
56. f) = gx)
Vx—4=2-x
X+ Jx—6=0
(Vx+3)(Vx—2)=0
Jx+3=0 = /x = —3, which is a contradiction, since +/x represents the principal square root.

Jr=2=0= Jx=2= x=4
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57.

60.

63.

65.

68.

71.

f)=5x*+2x—1

Since f(x) is a polynomial, the
domain is all real numbers x.

3y
y+5

s(y) =
y+5#0
y#F =5

The domain is all real numbers y
excepty = —5.

o) =¥1 -2

Domain: 1 —x2 >0

By solving this inequality, we conclude that —1 < x < 1

or[—1,1].
1 3
g = x x+2
Domain: All real numbers x
exceptx =0, x = =2
1) = Vx+ 6
6+ x

Domain: x +6 >0 = x> —6
and x # —6

The domain is all real numbers x
such that x > —6 or (—6, c0).

f&) =%

{(=2,4), (=1, 1),(0,0), (1, 1), (2, 4)}

58.

61.

69.

flx) =1 -2

Because f(x) is a polynomial,
the domain is all real numbers x.

gb) = Vy - 10
Domain: y — 10>0
y =10

64. flx) = Ix> + 3x

X+3x>0

x(x+3)=0

59.

62.

Domain: All real numbers ¢ except
t=20

fl)=3t+ 4

Because f(¢) is a cube root, the
domain is all real numbers ¢.

By solving this inequality, we conclude that x < —3 or
x = 0or(—oo, —3]U]0, co).

10
h(x) =
() X2 — 2x
X2 —=2x#0
x(x —2)#0

The domain is all real numbers x
exceptx = 0,x =2

:x—4
) 7

The domain is all real numbers
such that x > 0 or (0, c0).

72. flx)=x*-3

67. f(s) =

70.

Vs —1
s — 4

Domain: s — 120 = s > 1
and s # 4

The domain consists of all real
numbers s, such that s > 1 and
s #F 4.

():;K:L
TW=m=s
2 —-9>0

(x+3)x—3)>0

Test intervals:
(o0, —=3),(=3,3),(3,0)

The domain is all real
numbers x < —3orx > 3
or (—oo, —3) U (3, o0).

f=2) = (22 -3 =1
fED = (12 =3= -2
fO) = (07 ~3=-3
FO) = (P =3=-2

f@=@p-3=1

{(=2, 1, (=1, -2),(0, =3), (1, =2), (2, 1)}



40 Chapter 1 Functions and Their Graphs

73. flx) = |x] +2
{(=2.4).(=1.3).(0.2). (1,3), 2. 4}
75. By plotting the points, we have a parabola, so

g(x) = cx?. Since (=4, —32) is on the graph, we have
—32 =c(—4)? = ¢ = —2.Thus, g(x) = —2+2

77. Since the function is undefined at 0, we have r(x) = c/x.

Since (—4, —8) is on the graph, we have
—8 =c¢/—4 = ¢ = 32. Thus, r(x) = 32/x.

79. f)=x*—x+1
fR+h=2+h*-—2+h+1
=44+4h+n-2-h+1
=h>+3h+3
fQ)=022-2+1=3
f@+n) —fQ2)=n+3n

2+h) - f2) R+
ul Z) f2) _h h3h=h+3,h¢0

81. flx) = + 3x
fx+n)=x+h?+3x+hn
= x>+ 3x%h + 3xh> + h® + 3x + 3h

74. f(x) = |x + 1]
{(=2,1),(=1,0),(0,1),(1,2),(2,3)}

76. By plotting the data, you can see that they represent a
line, or f(x) = cx. Because (0, 0) and (1, i) are on the
line, the slope is 3. Thus, f(x) = ix.

78. By plotting the data, you can see that they represent
h(x) = ¢/|x|. Because /|-4| =2 and |~1| =1, and
the corresponding y-values are 6 and 3, ¢ = 3 and

h(x) = 3Vx].

80. flx) = 5x — 2
fG+h=55+h—(5+hn?
=25+ 5h — (25 + 10h + K?)
=25+ 5h— 25— 10h — I?

fle+h) —fx) (3 + 3x%h + 3xh? + h3+3x + 3h) — (3 + 3x)

h h

_ h(3x* + 3xh + h* + 3)
h

=3x>+3xh+h*+3, h#0

82. flx) = 4x? — 2x
fle+h) =4(x+ h?—2(x+ h)
=4(x2 + 2xh + h?) — 2x — 2h
= 4x> + 8xh + 4h> — 2x — 2h

flx+h) — f(x)  4x® + 8xh + 4h? — 2x — 2h — 4x> + 2x

h h
 8xh + 4h% — 2h
h
 h(8x + 4h — 2)
h

=8 +4h—2, h#0

-~ 5h
f(5) =5(5) — (5)°
=25-25=0
F5+0) —f5)  —n—5h
h h
—h(h +5)
e
1
83. g(x)=)72
L1
) —gB) _ 2 9
x—3 x—3
9
T ox2(x — 3)
_ —(+3)x—3)
o 9(x - 3)
= _x;f, x#3
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84 )= ——
. ft_t—Z
1
f(l):ﬁ:—l
—= - (1)
[0 —f) -2 _ 14 0=2 =D 1,
r—1 r—1 t—-2—1) @¢—2¢t—1) -2
85. f(x) = 5x 86. flx) =23+ 1

f0) —f65) _ 5x—s
x—35 x—35

P
87.A=szandP=4s=>Z=s

P2 P2
A’<4> 16

89. @ Height, x | Volume, V
1 484
2 800
3 972
4 1024
5 980
6 864

The volume is maximum when x = 4 and
V = 1024 cubic centimeters.

90. (a) The maximum profit is $3375.
(b)

3400
3350
3300
3250
3200
3150
3100

Profit

110 130 150 170
Order size

Yes, P is a function of x.

f®) =84 +1=5

f) —f@®) P+ 1-5_ x—4
x—38 x—38 x—38

88. A=mry C =2mr

C
r=—
21
=qg—=] =—
27 4ar
(b) v
1200 4+
1000 + o ® o
% 800+ ° d
= 600+
s o
400+
200+
X

S S S A
Height
V is a function of x.

() V=1x(24 — 2x)?

Domain: 0 < x < 12

(c) Profit = Revenue — Cost
= (price per unit)(number of units) — (cost)(number of units)
=90 — (x — 100)(0.15)]x — 60x, x> 100
= (90 — 0.15x + 15)x — 60x

(105 — 0.15x)x — 60x

105x — 0.15x% — 60x

= 45x — 0.15x%, x > 100
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1 1
91. A = —bh = -
2T Y

Since (0, y), (2, 1), and (x, 0) all lie on the same line, the slopes between any pair are equal.

11—y 0-1 ’
2-0 x-2 J
I1-y -1
2 x—2
_ 2 +1
Y x—2 .
X
Y x—2
Therefore,

1 ( X ) x?
A= x I

2 \x — 2 2(x — 2)
The domain of A includes x-values such that x*/[2(x — 2)] > 0. By solving this inequality,
we find that the domain is x > 2.

9. A=1-w=(2x)y = 2xy 93. y=—12+3x+6
Buty = /36 — x%,50A = 2x/36 — x%, 0 < x < 6. y(30) = —%(30)2 + 3(30) + 6 = 6 feet

If the child holds a glove at a height of 5 feet, then the
ball will be over the child’s head since it will be at a
height of 6 feet.

94. where t = 1 represents 1991.

ﬂ):Fm+3z 0<r<7
187t — 64, 0<tr<12
1991: t = 1 and d(1) = 5.0(1) + 37 = 42 billion dollars = $42,000,000,000

1992: t = 2 and d(2) = 5.0(2) + 37 = 47 billion dollars = $47,000,000,000

1993: ¢ = 3 and d(3) = 5.0(3) + 37 = 52 billion dollars = $52,000,000,000

1994: t = 4 and d(4) = 5.0(4) + 37 = 57 billion dollars = $57,000,000,000

1995: t = 5 and d(5) = 5.0(5) + 37 = 62 billion dollars = $62,000,000,000

1996: t = 6 and d(6) = 5.0(6) + 37 = 67 billion dollars = $67,000,000,000

1997: t = 7 and d(7) = 5.0(7) + 37 = 72 billion dollars = $72,000,000,000

1998: t = 8 and d(8) = 18.7(8) — 64 = 85.6 billion dollars = $85,600,000,000
1999: t = 9 and d(9) = 18.7(9) — 64 = 104.3 billion dollars = $104,300,000,000
2000: ¢t = 10 and d(10) = 18.7(10) — 64 = 123 billion dollars = $123,000,000,000
2001: ¢ = 11 and d(11) = 18.7(11) — 64 = 141.7 billion dollars = $141,700,000,000
2002: ¢t = 12 and d(12) = 18.7(12) — 64 = 160.4 billion dollars = $160,400,000,000
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0.18212 + 057t + 273, 0<t<7
95.p(t)={250l+213 8 << 12 96. (a) V=10+w-+h=x+y-x=x% where 4x + y = 108.
’ - - Thus, y = 108 — 4x and
Year | Function Value | Price V= x*(108 — 4x) = 108x> — 4x°.
1990 | p(0) = 27.3 $27,300 Domain: 0 < x < 27
1991 | p(1) = 28.052 | $28,052 (b) 12000
1992 | p(2) = 29.168 | $29,168
1993 | p(3) = 30.648 | $30,648
0 30
1994 | p(4) = 32.492 | $32,492 0
1995 | p(5) = 34.7 $34.700 (c) The dimensions that will maximize the volume of the
’ package are 18 x 18 x 36. From the graph, the
1996 | p(6) = 37.272 | $37,272 maximum volume occurs when x = 18. To find the
1997 (7) = 40208 | $40.208 dimension for y, use the equation y = 108 — 4x.
p\7) = )
y = 108 — 4x = 108 — 4(18) = 108 — 72 = 36
1998 | p(8) = 41.3 $41,300
1999 | p(9) = 43.8 $43,800
2000 | p(10) = 46.3 $46,300
2001 | p(11) = 48.8 $438,800
2002 | p(12) =513 $51,300

97. (a) Cost = variable costs + fixed costs 98. (a) Model:  (Total cost) = (Fixed costs) + (Variable costs)
C = 12.30x + 98,000 Labels:  Total cost = C
(b) Revenue = price per unit X number of units Fixed cost = 6000
R = 17.98x Variable costs = 0.95x
(c) Profit = Revenue — Cost Equation: C = 6000 + 0.95x
P = 17.98x — (12.30x + 98,000) (b) = € _ 6000 + 0.95x
X x

P = 5.68x — 98,000

99. (a) R = n(rate) = n[8.00 — 0.05(n — 80)], n > 80

n?>  240n — n?
R=1200n —005n*=12n — —=—""", n =
n n n 20 20 , n =80
(b)
n 90 100 110 120 130 140 150

R(n) | $675 | $700 | $715 | $720 | $715 | $700 | $675

The revenue is maximum when 120 people take the trip.

100. F(y) = 149.76 /10y

1,000,000 = 149.76/10y%/2
@ T 10 20 30 40 © Y
F(y) | 26,474.08 | 149,760.00 | 847,170.49 | 2,334,527.36 | 4,792,320 1,000,000 y5?
y AT4. ,760. 170 335,921 7 149.76 /10
The force, in tons, of the water against the dam increases with the depth of 2111.56 = y3/?
the water. 21.37 feet =~ y

(b) It appears that approximately 21 feet of water would produce 1,000,000 tons
of force.
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101. (a) (b) (3000)? + K% = d?
h = /d? — (3000)>
Domain: d > 3000 (since both d > 0 and d> — (3000)? > 0)
d
h
—— 3000 ft ——>
2x+ 104, 6 <x<7
102. (a) f(zgg()? _];(9199696) _ 126 7 16 _ 1,70 = 1.428 (b) y=1312x+ 103, 8 <x <11
126, 12<x<13
The number of threatened and endangered fish species increased, on ) )
average, by 1.428 per year from 1996 to 2003. (d) The algebraic model is an excellent fit
to the actual data.
c
© Year Actual Number | Number from the | Number from the (e) The calculator model is
6<>1996 | of Fish Species | Algebraic Model | Calculator Model
y = 1.55x + 107.
6 116 116 116
It also gives a good fit, but not as good
7 118 118 118 as the algebraic model.
8 119 119 119
9 121 121 121
10 123 123 122
11 125 125 124
12 126 126 126
13 126 126 127

103. False. The range is [—1, c0).

105. The domain is the set of inputs of the function,
and the range is the set of outputs.

107. (a) Yes. The amount that you pay in sales tax will
increase as the price of the item purchased increases.

(b) No. The length of time that you study the night
before an exam does not necessarily determine your
score on the exam.

oot
109. -+-=1
35
tot
15|+ - =15(1
(5+5)=0
5St+3t=15
8 =15

1
8

104. True. The set represents a function. Each x-value is
mapped to exactly one y-value.

106. Since f(x) is a function of an even root, the radicand
cannot be negative. g(x) is an odd root, therefore the
radicand can be any real number. Therefore, the domain
of f is all real numbers x and the domain of g is all real
numbers x such that x > 2.

108. (a) No. During the course of a year, for example, your
salary may remain constant while your savings
account balance may vary. That is, there may be two
or more outputs (savings account balances) for one
input (salary).

(b) Yes. The greater the height from which the ball is
dropped, the greater the speed with which the ball
will strike the ground.

1.2 +2 =
t t
8

=1
t

8 =1
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111. -

3—4x—4=x
—1=5x
L
5—x

113. (=2, —5) and (4, — 1)

_—1-(=9

_ _2
S

3

y = (=5 =3 = (=2)

N Wi N

4
+5=x+-
yrI=gxty
3y + 15 =2x + 4

2x—3y—11=0

115. (=6,5) and (3, —5)
-5-5 10

m —_ = =

T3-(-6 9
y= 5=~y = (-6)

9y —45 = —10x — 60
10x+9 +15=0

112. = —-3="14+9
X X
12 4
= _2_9+43
X X
8
o2
X
8
I
2
)
9-0 9
114. SlOpe—l_lo—jg——l

__—(1/3) -3

116. Slope = 11/2) = (=1/2)
_~10/3_ 10 1_ 5
T 1220 3 69
_ 3
Ty

<

|

(98]

Il

|

O | L
—
=

|
—
|

N | —
~
~

18y — 54 = —10x — 5
10x + 18y — 49 = 0

Section 1.5  Analyzing Graphs of Functions

You should know that f'is
(@) oddif f(—x) = —f(x).

You should be able to use the vertical line test for functions.

You should be able to find the zeros of a function.

You should be able to determine the domain and range of a function from its graph.

You should be able to determine when a function is constant, increasing, or decreasing.

You should be able to approximate relative minimums and relative maximums from the graph of a function.

(b) evenif f(—x) = f(x).
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Vocabulary Check

1. ordered pairs 2. vertical line test 3. zeros 4. decreasing
5. maximum 6. average rate of change; 7. odd 8. even
secant
1. Domain: (—oo, —1]U[1, o0) 2. Domain: (—oo, o0) 3. Domain: [—4, 4]
Range: [0, c0) Range: [0, co) Range: [0, 4]
4. Domain: (—oo, 1), (1, o0) 5. () f(=2)=0 ®) f(—-1)=—-1 6. (a) f(—1) =4 (b) f2)=4
Range: —1, 1 ©sG)=0 @s1)=-3 ©fO) =2 (@ f(1)=0
7. (@ f(=2) = -3 (b f(1) =0 8. (@ f(2)=0 (b f(1) =1 9. y =3¢
(©) f(0) =1 d f2)=-3 () f3) =2 @ f(=1)=3 A vertical line intersects the graph
just once, so y is a function of x.
10. y = 1x3 x—y=1= y=+/x—1
A vertical line intersects the graph no more than once, so y y is not a function of x. Some vertical lines cross the
is a function of x. graph twice.
12. x2 +y2 =25 13. 2 =2xy — 1 4. x = |y + 2]
A vertical line intersects the A vertical line intersects the graph A vertical line intersects the
graph more than once, so y is just once, so y is a function of x. graph more than once, so y is

not a function of x.

not a function of x.

15. 22— 7x —30=0 16 f(x) =32+ 2x— 16 17‘9)8%4:
2x + 5)x—6) =0 0=0Cx—-2)(x+8) 0
.=
2+5=0 -6=0
g o 3x—2:0:>x:§
5
= -2 =6
T o * x+8=0= x=—8
2 — Ox +
18. f(x)=xiixl4 19. %xtx:o 20, f(x) = 23 — 422 — 9x + 36
X
— 43 — 2 _ +
0= x2 —Ox + 14 X3 —2x = 2(0) 0 X 4x Ox 36
- — 42 — — —
4x X —2) =0 0=x(x—4) —9x —4)
0==7~-2) x=0 or 2-2=0 0=(—-4x -9
x—7=0=x=7 2=2 x—4=0= x=4
x—2=0=x=2 x=+/2 X2—9=0= x=43
21. 40 =242 —x+6=0 22. flx) = 9x* — 25x2
43%(x —6) — 1x —6) =0 0 = 9x* — 25x2
x—6)4x2—-1=0 0 = x2(9x% — 25)
x—62x+1D2x—1)=0 X=0=x=0
x—6=0, 2x+1=0, 2x—1=0 92 —25=0 = x =]

1 1
x =6, x = —3 X =3



Section 1.5 Analyzing Graphs of Functions 47
23. J/2x—1=0 24, f(x) = V/3x + 2
Y2x =1 0=V3x+2
2x=1 0=3x+2
x = % _% =X
25. (a) 6 (b) 3+ % =0 26. (a) 3 ; b)) fx)=x(x—-17)
— - " 0=x(x—7)
- 0 3x+5=0
\ x=0
3
6 re 3 —14 x—7=0= x=7
5 Zeros: x = 0,x =7
Zero: x = ——
3
27. (a) 5 (b) V2x +11 =0 28. (a) 4 (b) flx) = V3x—14 -8
L 2+ 11=0 -4 fff,fzs 0=3x—14-38
foffﬁ 3 x=-U 8= 3x— 14
3 T2 64 =3x — 14
Zero: x = f% Zero: x = 26 x =126
3x — 1
29. (a) 2 b)) 6 =0 30. () 1 Zeros: x = +2.1213
S
-15 25
N N \ 3x—1=0 g
\\ |
x=3 ™
) 3 -30
Zero: x = 1 22 —9
3 ®) @)=
2x2 -9
0= 3—x
2x2—=9=0 =>x=i32£=12.1213
31 f(x) = 2x 32, f(x) = 22 — 4x 33 fx) =3 — 32+ 2

fis increasing on (— oo, c0).

M. fx) = V2 —1
The graph is decreasing on
(—o0, —1) and increasing
on (1, c0).

The graph is decreasing on (— oo, 2)

and increasing on (2, co).

35. flx) =

fis increasing on (— oo, 0) and

(2, o0).

fis increasing on (— oo, 0) and

(2, o0).

fis decreasing on (0, 2).

x=0 21, x< -1
0<x<?2 36. f(x) = 5

X2 =2, x> —1
x> 2

fis constant on (0, 2).

The graph is decreasing on (— 1, 0)
and increasing on (—oo, —1) and

(0, c0).
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37. fx) = |x+ 1| + |x — 1]
fis increasing on (1, c0).
fis constant on (—1, 1).

fis decreasing on (—oo, —1).

39. f(x) =3
(@) 4 Constant on (— oo, 0o)
s 5
0
® X 2| —-1]0]|1]2

f |3 |3 |3]3]3

2
41. g(s) = 7

-6 6

-1

Decreasing on (— oo, 0); Increasing on (0, co)

®) K -4 | -210|2]|4
gls) | 4 1 0114
43. f(1) = —t*
(@ 1
-3 3

-3

Increasing on (— oo, 0); Decreasing on (0, co)

b
()t -2 | —-1(/0|1 2

f@o | -16]-1]0]-1]|-16

45. flx) = V1 —x

Decreasing on (— oo, 1)

38. The graph is decreasing on (—2, —1) and (—1, 0) and
increasing on (—oo, —2) and (0, co).

40. g(x) = x
(@) 2 Increasing on (— oo, co0)
-3 3
2
® X -2 | -110|1}|2

gx) | =2 | =1 10|12

42. hix) =x*— 4
(a) 1

(b)
x -2 -11]0 1 2

h(x) | 0 3| 4] 3|0

44. f(x) = 3x* — 6x2
(@) 4

L
l

-4

Increasing on (—1, 0), (1, o0); Decreasing on
(=00, —1),(0,1)

b
®) X -2 ] -1]0]|1 2

fx) |24 | 3]0 | -3 |24

(b)x—3—2—101
f | 2 V3[V2]1]0
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f) =xvx+3 47. f(x) = 132
(@) 9 (a) 4 Increasing on (0, co)
-9 9
6
) 0
Increasing on (—2, co); Decreasing on (—3, —2 b
gon ( ) gon ( ) ®) ol1l2 13 Ia
(b)
x -3 | -2 ] -1 1 f) o] 1]28|52]8
x| o -2 | —1.414 2
48. f(x) = x¥/3
@ T ®OFe T2 -1]ol1]2
//" fx) | 159 | 1 0] 1] 159

49.

-2

Decreasing on (— oo, 0); Increasing on (0, co)

fG) = =4 +2)

2

-8 | / 10

-10

Relative minimum: (1, —9)

51. f(x) = —x>+3x— 2

54.

2

Hr

—4

Relative maximum: (1.5, 0.25)

fx)=x*=32—x+1

3

-7

Relative maximum: (—0.15, 1.08)

Relative minimum: (2.15, —5.08)

50. f(x) =3x>—2x—5

3

1N

!

Relative minimum: (3, —¢) or (0.33, —5.33)

52. f(x) = —2x% + 9x

—4

-7

Relative maximum: (2.25, 10.125)

55. f(x) =4 — x
f(x) =20 on (—oo,4].

53. f(x) = x(x — 2)(x + 3)

10

|

|

-6

12

Relative minimum: (1.12, —4.06)

Relative maximum: (—1.79, 8.21)
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56. f(x) =4x+2 y

OEY) s
4x+220 3
4x 2 =2 2
x 2 —%
[—l ) + t x
2, 2 a1 2

58. f(x) = x2 — 4x y
fx) =0

x> —4x >0

x(x—4) =0
(—o0, 0], [4, 0)

60. f(x) = V/x+2 y
£ 20
Jx+22=20 34

x+22=20 2‘/

x> -2

[—2, ) /

62. f(x) = 5(2 + [x]) y

f(x) is always greater than 0. 4t
(=00, )

64. f(x) = 3x + 8

fB) —f0) _17-8_9
3-0 3 3

=3
The average rate of change from x; = 0 to x, = 3 is 3.

66. f(x) = x>2—2x+ 8

f(5)—f(1)_23—7_§_4
5-1 4 4

The average rate of change from x; = 1 tox, = 5 is 4.

57. flx) = x>+ x
f(x) = 0on (—oo, —1]and [0, c0).

59. f(1) = VX1
f&x) = 0on[l, c0). s+

61. f(x) = —(1 + |x])

f(x) is never greater than 0.
(f(x) < 0 forall x.)

63. f(x) = —2x + 15

fB) =@ 915 _
3—-0 3

The average rate of change fromx; = Otox, = 3is —2.

65. f(x) = x>+ 12x — 4

f6) —f1) _81-9 _
5-1 4

18

The average rate of change from x, =

67. f(x) = x> — 3x% — x

£G) —f() _ =3~ (=3)
3—-1 2

=0

The average rate of change from x, =

1tox,

1 to x,

=5is 18.

=3is0.
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68. f(x) = —x> + 6x> + x 69. flx) = —V/x—2+5
fO =) _6-6_0_, AN -fB) _2-4_ 1
6—1 5 5 11-3 8 4
The average rate of change from x; = 1 tox, = 61is 0. The average rate of change from x;, = 3 tox, = 11 is —}1.
70. f(x) = —V/x+1+3 71, f(x) =x°0—2x*+3
f8) —fB) _0—-1_ 1 f(=x) = (=x)° = 2(=x)* + 3
8 -3 5 5 =x0-22+3
The average rate of change from x; = 3 tox, = 8 is —%. = f(x)
The function is even.
y-axis symmetry
72. hx)=x*-5 73. g(x) =x—5x 74.  flx) = xv1 —x2
h(=x) = (=x)* =5 g(=x) = (=x)* = 5(—x) fl=x) = —xJ1 — (—x)?
=-x-5 = —x3 + 5x = —xJ1 =X
# h(x) = —gl) = —f®
# —h(x) The function is odd. The function is odd.
The function is neither odd Origin symmetry Origin symmetry
nor even. No symmetry
75. f()=r+2t—3 76. g(s) = 453 77. h = top — bottom
f(=0) = (=0 +2(-1) =3 g(=s) = 4(—5)3 =(=+4-1) -2
=2 —-2t—3 = 4523 =-x*+4x -3
# (), # —f(1) = g(s)
The function is neither even nor The function is even.
odd. No symmetry y-axis symmetry
78. h = top — bottom 79. h = top — bottom 80. & = top — bottom
=3 — (4x —x?) = (4x — x?) — 2x =2— ¥x
=3 —4x + x? =2x — x2
81. L = right — left 82. L = right — left 83. L = right — left
=37 —0=7) =2-J% =4-y
84. L = right — left 85. L = —0.294x% + 97.744x — 664.875,20 < x < 90
_ g “0 (a) 6000
y -
_2
y
20 90

0

(b) L = 2000 when x = 29.9645 = 30 watts.
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86. (a) 7° (d) The maximum temperature according to the model is

about 63.93°F. According to the data, it is 64°F. The
minimum temperature according to the model is about

33.98°F. According to the data, it is 34°F.

o (e) Answers may vary. Temperatures will depend upon the
weather patterns, which usually change from day to day.

(b) The model is an excellent fit.

(c) The temperature is increasing from 6 A.M. until noon
(x = 0 tox = 6). Then it decreases until 2 A.M.
(x = 6 to x = 20). Then the temperature increases
until 6 AM. (x = 20 to x = 24).

87. (a) For the average salaries of college professors, a scale of $10,000 would be appropriate.
(b) For the population of the United States, use a scale of 10,000,000.

(c) For the percent of the civilian workforce that is unemployed, use a scale of 1%.

88. 8 m -1 (b) s (c) When x = 4, the resulting figure is a square.
! ' ! \ I = ‘
|— 4 —l— 4 —>1|

0

Range: 32 < A < 64

l~— A —— & —

l— & —l— & —]
I e il
=

X X
X X S
(a) A= (8)(8) - 4(%)()6)()() l— 4 —l— 4 —>|
=64 — 27 By the Pythagorean Theorem,
Domain: 0 < x < 4 R4+ =3 = 5= /32 =42 meters.

89. r = 15.6398 — 104.75¢:> + 303.5r — 301, 2 <t <7
r(7) — r(2) _ 2054.927 — 12.112
7-2 5

= 408.563

(@ == (b)

The average rate of change from 2002 to 2007 is
$408.563 billion per year. The estimated revenue is
7 increasing each year at a rapid pace.

90. (a) 6 (c) The five-year period of least average rate of change was
1992 to 1997.

F(1) — F(2) _ 463.74 — 4335 _ 3024 _

7-2 7-2 5 6.05
P P T
o0 The five-year period of greatest increase was 1997 to 2002.
(b) The average rate of change from 1992 to 2002: F(12) — F(7) _ 580.78 — 463.74 _ 117.04 _ 234
F(12) — F(2) _ 580.78 — 4335 12-7 12-7 > '
12 -2 12 =2 The least rate of change was about 6.05 thousand students
14728 _ L4 from 1992 to 1997.
10 ' The greatest rate of change was about 23.4 thousand

The number of foreign students increased at a steady students from 1997 to 2002.

rate of 14.728 thousand students each year.
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91.

93.

5o = 6,v, = 64
(a) s = —16¢% + 64t + 6
(b) 100

4N

0

s(3) —s(0)  54—-6 _
3-0 3

(©) 16

(d) The average rate of change of the height of the object
with respect to time over the interval ¢, = Oto ¢, = 3
is 16 feet per second.

(e) s(0) =6,m =16
Secant line: y — 6 = 16(t — 0)
y =161 + 6

(f) 100

vy = 120, 5, = 0
(@) s = — 1612 + 120
(b) 270

0

s(5) — s(3) _ 200 — 216
5-3 2

(©) = -8

(d) The average decrease in the height of the object over
the interval 1, = 3 to t, = 5 is 8 feet per second.
(e) s(5) =200,m = —8
Secant line: y — 200 = —8(t — 5)
y = —8t+ 240
()

92.

9.

(@) s = —1612 + 72t + 6.5
(b) 100

0

(c) The average rate of change from t = 0 to t = 4:

s(4) —s(0) _385—-65_32 _
o0 - 2 =7 8 feet per second

d

=

The slope of the secant line through (0, s(0)) and

(4, s(4)) is positive. The average rate of change of the
position of the object from ¢ = 0 to t = 4 is 8 feet per
second.

(e) The equation of the secant line:
m=38,y=8t+65
(f) The graph is shown in (b).

100

o

(a) s = —16t% + 96t
(b) 175

0

(c) The average rate of change from ¢t = 2tot = 5:
s(5) — s(2) _ 80— 128
5-2 3
_48
3

= —16 feet per second

(d) The slope of the secant line through (2, s(2)) and
(5, 5(5)) is negative. The average rate of change of the
position of the object from r = 2 to r = 5 is — 16 feet
per second.

(e) The equation of the secant line: m = —16
Using (2, s(2)) = (2, 128) we have
y — 128 = —16(t — 2)
y = — 16t + 160.
(f) The graph is shown in (b).

175
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95. vy = 0,5, = 120 96. (a) s = —161> + 80
(a) s = —16t2 + 120 (b) 120
(b) 140
0
0 4
0 (c) The average rate of change from ¢ = 1to ¢t = 2:
s(2) — s(0) 56 — 120 s(2) —s(1) 16 — 64 48
= =-32 = =_-—"=_
(©) 20 > 2 1 1 1 48 feet per second
(d) On the interval ¢, = 0 to t, = 2, the height of the (d) The slope of the secant line through (1, s(1)) and
object is decreasing at a rate of 32 feet per second. (2, 5(2)) is negative. The average rate of change of the
(© s(0) = 120, m = —32 position of the object from ¢ = 1 to t = 2 is —48 feet
per second.
S tline: y — 120 = —=32(r — 0
ecantime: y ( ) (e) The equation of the tangent line: m = —48
= —32r+ 120
Y Using (1, s(1)) = (1, 64) we have
(f) 140
y—64=—48(r— 1)
y = —48t + 112.
. . (f) The graph is shown in (b).
0 120
0 3
0
97. False. The function f(x) = /x> + 1 has a domain of all 98. False. An odd function is symmetric with respect to the
real numbers. origin, so its domain must include negative values.
99. (a) Even. The graph is a reflection in the x-axis. 100. Yes, the graph of x = y? + 1 in Exercise 11 does
(b) Even. The graph is a reflection in the y-axis. represent x as a function of y. Each y-value corresponds
to only one x-value.
(c) Even. The graph is a vertical translation of f.
(d) Neither. The graph is a horizontal translation of f.
101. (-3, 4) 102. (-3, -7)
(a) If fis even, another point is (%, 4). (a) If fis even, another point is (% —7).
(b) If fis odd, another point is (%, —4). (b) If fis odd, another point is (%, 7).
103. (4,9) 104. (5, —1)

(a) If fis even, another point is (—4,9).
(b) If fis odd, another pointis (—4, —9).

(a) If fis even, another point is (—35, —1).

(b) If fis odd, another point is (—5, 1).
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105. (a) y = x b)) y=2x2 (© y=x
4 4 4
_6 6 -6 \ / 6 -6 / 6
—4 -4 -4
(d y=x* (e y=x (f) y=x°
4 4 4
-6 \ j 6 -6 j 6 -6 \ } 6
—4 -4 -4

All the graphs pass through the origin. The graphs of the odd powers of x are symmetric with respect to
the origin and the graphs of the even powers are symmetric with respect to the y-axis. As the powers increase,
the graphs become flatter in the interval —1 < x < 1.

106. The graph of y = x” will pass through the origin and will be symmetric with the origin.
The graph of y = x® will pass through the origin and will be symmetric with respect to the y-axis.

4 4
-6 6 -6 \ J 6
—4 4
107. 2 —10x=0 108. 100 — (x — 52 =0 109. ¥ —x=0
x(x—10) =0 (x —5)2 =100 xx2—-1)=0
x=0 or x=10 X—5=+10 x=0 o x*-1=0
x—=5=-10 = x=-5 x2=1
x—5=10 = x=15 x = =1
110. 16x> — 40x + 25 =0 111. f(x) =5x — 8
(4x —5)(4x—-5)=0 (@ f(9) =509) —8 =37
4x—5=0 = x=2 (b) f(—4) =5(—4) —8=—-28

© fe—=7)=5x—-7 —8=5x—35—-8=5x—43

112. f(x) = x> — 10x
(@) f(4) =42 —104) =16 — 40 = —24
(b) f(—8) = (—8)2 — 10(—8) = 64 + 80 = 144
© flx —4) = (x — 49— 10(x — 4)
=x2—8x+ 16 — 10x + 40 = x> — 18x + 56



56 Chapter 1 Functions and Their Graphs

113, f(x) = V/x—12-9

114. f(x) =x*—x—5

(@ f12)=J/12-12-9=0-9= -9 @f-D=(-1)*-(-1)-5=1+1-5=-3
®) 760) = VA= T2 9 = VB -9 =247 9 )= 0 5= -
(c) f(— \/%) does not exist. The given value is not in (©) f(2ﬁ) - (2 \/§)4 —2/3-5

the domain of the function.

=16(9) — 23 —5=139 — 2/3

115. f)=x>—-2x+9
fB+h=03+h?>?=-2B3+h+9

=9+ 6h+h—6—2h+9
=12+ 4h + 12

f3) =3-203)+9=12

fG+R) —fB) _ (R +4h+12) — (12) _ k2 +4h _ h(h + 4)

116. f(x) =5 + 6x — x%,

h h h A =h+4 h#0

f(6 + h) — f(6)

. Jh# 0
f6+h) —f(6) _5+6(6+h)—(6+h?>—5—6(6)+ 6
h h
_ 5436+ 6h— 36— 12h— k2 — 5 — 36 + 36
h
— K2 —
:%:—h—a h+#0

Section 1.6 A Library of Parent Functions

(@
(b)
©
(@

©)]

()
(2)
(h)

(@)
(b)
©
(d)
©
®)

B You should be able to identify and graph the following types of functions:

Linear functions like f(x) = ax + b
Squaring functions like f(x) = x?
Cubic functions like f(x) = x3

Square root functions like f(x) = /x

1
Reciprocal functions like f(x) = p

Constant functions like f(x) = ¢
Absolute value functions like f(x) = |x|

Step and piecewise-defined functions like f(x) = [x]

B You should be able to determine the following about these parent functions:

Domain and range

x-intercept(s) and y-intercept

Symmetries

Where it is increasing, decreasing, or constant
If it is odd, even or neither

Relative maximums and relative minimums
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Vocabulary Check
L f(x) = [+]
(g) greatest integer function
4. f(x) = x?
(a) squaring function
7. £ = |x]

(f) absolute value function

2 () = x 3000 =~

(i) identity function (h) reciprocal function
5. f(x) = Vx 6. f(x) =c

(b) square root function (e) constant function
8. f(x) = x° 9. fx) =ax + b

(c) cubic function (d) linear function

1. () f(1) =4, f(0) =6
(1, 4) and (0, 6)

y—6=—-2(x—0)
y=-2x+6
fx)=-2x+6

(b) y

3. (a) f(5) = —4, f(-2) =17
(5, —4) and (-2, 17)

_ 17— (=4 _ 21 _
—2-5 -7

v = (4) = =36 = 5)
y+4=-3x+15
y=—3x+11

flx) = =3x + 11

(b)

-3

2. (@ f(=3)==8,f(1) =2
(—=3,-38),(1,2)
_2-(-8) _10_5

T3 4 2
5
=2 =36 1)

fl) = 5
(b) y

- N W kW

t t
-4 -3 -2 -1 12 3 4

4. (a) f(3) =9, f(—1)=—11

(3,9), (-1, —11)

-1 -9 =20
mMETios o4 0
f(x) —9=5kx—-3)

flx) =5x—6

(b)
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5. () f(=5)=—1,f(5=-1
(=5,—1)and (5, —1)

_ -1 —(—1)222
5—(=5) 10
y=(=1) =0k~ (=5)
y+1=0
y=-—1
f)=~-1
(b) 7
J
Eeasl RS
ot

7. (a) f(%) =—6,f(4) = =3

<%, —6) and (4, —3)

-3-(-6) 3 6

m=—= = ==

4—-01/2) 12 7

6. (a) f(—10) = 12, £(16) = —1
(—10, 12), (16, — 1)

-1 —-12
m

“16-(—100 26 2

-13 1

f = (=1) = =36~ 16)

flx) = —%x +7

(b)

3 2

11— (=15/2)
a2

_ =72 (7). (_3)_3

7—14/37< 2) ( 14)*4
100 = (=11) = 2 = (~4)

=3x8
1L f) = —gr 3
6 H—-ﬂ—______
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12.

15.

18.

21.

24.

27.

20

13.

16.

19.

22,

25.

28.

flx) = x2 — 2x
gy =x2—6x—16
ol 6\/."'
f=x—-13+2
7 l,'l
f)=4-2Vx
_4 \-
1o =~

1
K =173

14. f(x) = —x> + 8x

17.

20.

23.

29.

20

6 ) |

) =x -1

FE T
/

gy =2x+3P +1

LA

f&) =[]

@ f2.1)=2

(b) f(29) =2

© f(=3.1) = -4

<m49=3
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30.

glx) = 2[x]

@ g(—3) =2[-3] = 2(~3) = =6
(b) £(0.25) = 2[0.25] = 2(0) = 0
(c) g(9.5) = 2[9.5] = 2(9) = 18

@ g§) =2[¥] =203 =6

32. f(x) = 4[x] + 7

34.

36.

(@) f(0) =4[0] + 7=4(0) +7=7
(b) F(—15) =4[-15] +7=4(-2) +7 = —1
(c) f(6) = 4[6] + 7 = 4(6) + 7 = 31
@ fQ) =af]+7=4m+7=11

k(x) =[x + 6]

@ k(5) =[5(5 + 6] = [8.5] = 8

®) k(—6.1) = [3(=6.1) + 6] = [2.95] = 2
© (0.1) = [5(0.1) + 6] = [6.05] = 6

@ k(15) =[515) + 6] = [13.5] = 13

glx) = —Tlx +4] + 6
@ g(z) = -7+ 4] +6

= -74]+6=-74)+6=-22
(b) g9) = —7[9 +4] + 6

= —7M13] + 6 = —=7(13) + 6 = —85
(©) g(—4) = —7[-4 + 4] + 6

=—-70]+6=—-700)+6=6

@ g() = -7+ 4]+ 6

= —7[5}] + 6 = -7(5) + 6 = —29

39. glx) =x] — 2

31.

33.

35.

37.

hx) =[x + 3]

@ h(-2) =[1] =1

(®) hl5) = [3.5] =3

(c) h(42)=1[72] =7

(d) h(=21.6) =[-18.6] = —19

hx) =[3x — 1]

(@) h(2.5) =[6.5]=6

(b) h(—32) =[-10.6] = —11
(©) h(}) = I6] = 6

@ n(-%) =[-22] = -22

gx) =3[x—-2]+5

(@ g(=2.7) =3[-47]+5=3(-5 +5=-10
) g(=1)=3[-3]+5=3(-3)+5=—4

(c) g(0.8) =3[—1.2] +5=3(-2) +5=—1
(d) g(14.5) = 3[12.5] + 5 = 3(12) + 5 = 41

g(x) = —[x]

40. gx) =x] — 1




Section 1.6

A Library of Parent Functions

41. gx) =[x + 1]

x2 + 5,

47. f(x) = {

—x2 +4x + 3,

2x + 1, x< —1
50. k(x) =922 -1, —1<x<1

1 — x2, x1

45. f(x) = {\/4 +x, x<0

V4d—x, x=20

51. s(x) = 2(bx — [[ix]])

I I

4

(b) Domain: (—oo, o0)
Range: [0, 2)

(c) Sawtooth pattern

2x+3, x<0
3—x, x=0

43. flx) = [

4 —x%, x< =2
49. hix) =13 +x, —-2<x<0
xX+1, x>0

52. (@) glx) = 2(bx — [])°

8

I s B

(b) Domain: (— oo, o)

Range: [0, 2)

(c) Sawtooth pattern



62 Chapter 1 Functions and Their Graphs

53. (a) Parent function: f(x) = |x| 54. (a) Parent function: y = /x 55. (a) Parent function: f(x) = x°
(b) gx) = |x+2] -1 b y=1+V/x+2 b) gr)=x—1P -2
(©) 5 © 6 (© 3 }‘I
r,-ﬂff -6 6
- ° 4 7] 8 /J
-3 -2 -5
56. (a) Parent function: y = i 57. (a) Parent function: f(x) = ¢ 58. (a) Parent function: y = x?
| (b) glx) =2 by y=1-(x+2)?
b)yy=--2 ©) 3 (© s
(© 3 5

]L -3 3 | /
-6 L 6

h
— - =

-5

59. (a) Parent function: f(x) = x 60. (a) Parent function: y = [x] 61. C=0.60 — 0421 —1],t>0
(b) gx) =x—2 ) y=[k-1] (@) ¢
© 4 © s 1
O E
o0 3.
-6 6 -4 5 £
O - 3
o é 2
—4 !

2 4 6 8 10 12
Time (in minutes)

(b) C(12.5) = $5.64

62. (a) C,(1) = 1.05 — 0.38[— (¢ — 1)] is the appropriate 63. C =10.75+395[x], x>0
model since the cost does not increase until after @ .
the next minute of conversation has started. a

E 3
c 2 [ o8
(b) T _ 40 o>
] 25 = o3°
T 4 ES u ._3‘0
< = e
= 2 4] O
S 3 = [ )
g o—e 2 8
<, O—=e 2
3 O—=e © x
S 14,_.0 * 2 4 6 8 10
Weight (in pounds)
S
1 2 3 4 5
Time (in minutes) (b) C(10.33) = 10.75 + 3.95(10) = $50.25

C =1.05 — 0.38[-17.75] = $7.89
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64. (a)

Labels:  Total cost = C

Flat rate = 9.80

Model: (Total cost) = (Flat rate) + (Rate per pound)

12h, 0<h=<40

65. Wik) = {IS(h — 40) + 480, h > 40

() W(30) = 12(30) = $360
W(40) = 12(40) = $480

Rate per pound = 2.50[x], x>0

Equation: C = 9.80 + 2.50[x], x>0

(b) ¢

Cost of overnight delivery
(in dollars)
3

o=
[ )
=0
[ o)
[ o)
=0
=0
=0

12345678
Weight (in pounds)

W(45) = 18(5) + 480 = $570
W(50) = 18(10) + 480 = $660

12h, 0<h<45

(b) Wik) = {18(h — 45) + 540, h > 45

66. For the first two hours the slope is 1. For the next six
hours, the slope is 2. For the final hour, the slope is %

67.

y

16 +
14+
12+
10+

Inches of snow

[SIFNI-N
P
+—+—+

(a

N

t, 0<t<?2
f()=42t—2, 2<t<8
jt+10, 8<1<9

To find f(¢) = 2t — 2, use m = 2 and (2, 2).
y—2=2t—-2) = y=2t—2

To find £(1) = 3t + 10, use m = 3 and (8, 14).
y—14=3r-8 = y=3+10

Total accumulation = 14.5 inches

The domain of f(x) = —1.97x + 26.3is 6 < x < 12.
One way to see this is to notice that this is the equation
of a line with negative slope, so the function values are
decreasing as x increases, which matches the data for
the corresponding part of the table. The domain of
fx) = 0.505x* — 1.47x + 6.3 1isthen 1 < x < 6.

(©) £(5) = 0.505(5)> — 1.47(5) + 6.3
= 0.505(25) — 7.35 + 6.3 = 11.575
f(11) = —1.97(11) + 26.3 = 4.63

These values represent the income in thousands of dollars

for the months of May and November, respectively.

(d) The model values are very close to the actual values.

(b)

Revenue
(in thousands of dollars)

20
18
16
14
12

N

—t—t—t—t+—+—t+—+—+
4 5 6 7 8 9 10 11 12
Month (1 <> January)

Month, x 1 2 3 4 5 6

10

11

12

Revenue,y | 52 | 56 | 6.6 | 83 | 11.5 | 15.8

12.8

10.1

8.6

6.9

4.5

2.7

Model, f(x) | 5.3 | 5.4 | 64 | 85| 11.6 | 15.7

12.5

10.5

8.6

6.6

4.6

2.7
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68. I 1 | Intake Pi Drainpie 1 | Drainbioe 2 69. False. A piecewise-defined function is a function that
nterva ntake Fpe rampipe ramnpipe is defined by two or more equations over a specified
[0, 5] Open Closed Closed domain. That domain may or may not include x- and
y-intercepts.
[5,10] | Open Open Closed
[10,20] | Closed Closed Closed
[20, 30] | Closed Closed Open
[30, 40] | Open Open Open
[40, 45] | Open Closed Open
[45,50] | Open Open Open
[50, 60] | Open Open Closed

70. True. f(x) = 2[x], 1 < x < 4 is equivalent to the given piecewise function.

71. For the line through (0, 6) and (3, 2): m = % = —g
y—6=—(x—-0 = y=—x+6
2 — 2
For the line through (3, 2) and (8, 0): m = ﬁ =3
2 16
y—0= —*(x—8) :>y——§x+?
) —3x+6, 0<x<3
) =
“Ix+% 3<x<38
Note that the respective domains can alsobe 0 < x < 3and 3 < x < 8.
X2, x<2
72'f(x)_{7—x, x> 2
73. 3x +4 < 12 — 5x 1 x 74. 2x +1 > 6x—9 5
-3 -2 -1 0 1 2 3 %‘ " "
8x +4 <12 10 > 4x D01 o203 o4 s
8x <8 % > X or x < %
x <1
75. Lz (=2, —2) and (2, 10) 76. L;: (—1,-7), (4,3)
10 — (—2) 12 3—-(=7) 10
— =23 = - =
T (=2 4 R
L,y (—1,3)and (3,9) Ly:(1,5),(-2,-7)
mo— 2-3 _6_3 _s-En_12_,
273 -(-1) 4 2 T (=2 3
The lines are neither parallel nor perpendicular. Because the slopes are neither the same nor negative

reciprocals, the lines L, and L, are neither parallel nor
perpendicular.
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Section 1.7

Transformations of Functions

O 0 9 N W AW

—
=]

1.

h(x) = f(x) + ¢
L h(x) =f(x) — ¢
- h(x) = flx = ¢)
L h(x) = flx + ¢
- h(x) = —f(x)
- h(x) = f(=x)

. h(x) = ¢f(x),c>1

. h(x) = cf(x),0<c<1

. h(x) = flex), ¢ > 1

. h(x) =flex), 0 <c< 1

B You should know the basic types of transformations.

Let y = f(x) and let ¢ be a positive real number.

Vertical shift ¢ units upward
Vertical shift ¢ units downward
Horizontal shift ¢ units to the right
Horizontal shift ¢ units to the left
Reflection in the x-axis

Reflection in the y-axis

Vertical stretch

Vertical shrink

Horizontal shrink

Horizontal stretch

Vocabulary Check
1. rigid

4. horizontal shrink; horizontal stretch

2. —f(x); f(—x) 3. nonrigid

5. vertical stretch; vertical shrink 6. (a) iv

(b) ii

(c) iii

(d) i

1. (@ fx) = |x| +¢

c=—1:f() = ]| — 1
c=1:f(x) = |x| +1
c=3:f(x)=|x| +3
() flx) =[x = ¢
c=—1:f(x) = |x + 1]
c=1:f(x) = |x—1]
c=3:0() = |x - 3|

© flo)=|x+4] +c

c

c

C

= —1if() = |x+4] -1
=1:fx)=|x+4 +1

=3:fx)=|x+4 +3

Vertical shifts
1 unit down
1 unit up

3 units up

Horizontal shifts
1 unit left
1 unit right

3 units right

Horizontal shift four units left and a vertical shift
1 unit down
1 unit up

3 units up




66 Chapter 1 Functions and Their Graphs

2. (a) f&) = Vx+e
c=-3:f) = Vx—3
c=-1:fl)=Vx—1
c=1:f(x)=J/x+1
c=3:fx)=J/x+3

b) f) =Vx—c
c=-3:f(x) =Vx+3
c=—1:f(x) = Vx+1

c=1:fx) = Vx—1
c:3:f(x):\/xT3

© f)=Vx—-3+c
c=-3:fx)=J/x—3-3
c=—-1:fx)=Vx—-3-1
c=1:fx)=J/x—3+1
c=3:fx)=J/x—3+3

3. fx)=k]+c
c==2:f(x) =[x] -2
c=0:f(x) =[]
c=2:fx) =M +2

(b) f(x) =[x+l

c=-2:f(x) =[x — 2]
¢ = 05/() = [
c=2:fx)=[x+2]

© f) =[x—1+c
c=-2:f)=Kx—-1]-2

0:f() =[x — 1]

c=2:f(0) =[x — 1] +2

c

Vertical shifts
3 units down
1 unit down

1 unit up

3 units up

Horizontal shifts
3 units left

1 unit left

1 unit right

3 units right

Horizontal shift 3 units right and a vertical shift
3 units down

1 unit down

1 unit up

3 units up

Vertical shifts
2 units down
Parent function

2 units up

Horizontal shifts
2 units right
Parent function

2 units left

Horizontal shift 1 unit right and a vertical shift

2 units down

2 units up

-
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2 4 X 0 + 2, 0
4. (@ f) = {x_xz Y aso ®) f) = {(f(x i)c)z, a0

c=-3y
c=—1—_\

6 8 1012

-12 e=-1
c \: S\C =1
5. y=fl)+2 b)) y=flx—2) © y=2f(x
Vertical shift 2 units upward Horizontal shift 2 units to the right Vertical stretch (each y-value is
. multiplied by 2)
y )
5+ T
4,4
T
@ y=-f) @ y=flx+3) ®) y=r(=x

Horizontal shift 3 units to the left Reflection in the y-axis

@ y=r()

Horizontal stretch (each
x-value is multiplied by 2)

-1 23456789
0.-1)

67
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6. (a) y=f(—x)

Reflection in the y-axis

(b) y=fx +4

© y=2fx)
Vertical shift 4 units upward

y

Vertical stretch (each y-value is
multiplied by 2)

Yy

(d) y=—flx—4) (&) y=/f(x) -3
Reflection in the x-axis and a Vertical shift 3 units downward Reflection in the x-axis and a
horizontal shift 4 units to the right v
y

vertical shift 1 unit downward

y

02 (10,-2)

(g y=f(2x)

Horizontal shrink (each x-value is
divided by 2)

y

7. @ y=fKx -1 b y=fx—-1)

© y=f(=x
Vertical shift 1 unit downward Horizontal shift 1 unit to the right

Reflection about the y-axis
y

¥y
=14
44

—CONTINUED—
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7. —CONTINUED—

@ y=rfx+1) @ y=—flx—2) ) y =3
Horizontal shift 1 unit to the Reflection about the x-axis and a Vertical shrink (each y-value is
left horizontal shift 2 units to the right multiplied by %)

y

(2 vy =f(2x)

Horizontal shrink (each
x-value is multiplied by %)

8. (@) y=flx=5) (b) y = —f() + 3 ©y=3f0
Horizontal shift 5 units to the right Reflection in the x-axis and a Vertical shrink (each y-value is

vertical shift 3 units upward

v

multiplied by 3)

@ y=—-fx+1) (e y=f(=x) ) y=f) - 10

Reflection in the x-axis and a Reflection in the y-axis Vertical shift 10 units downward
horizontal shift 1 unit to the left

x

—CONTINUED—
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8.

9.

11.

13.

15.

—CONTINUED—
(@ vy =r(3x)

Horizontal stretch (each x-value is multiplied by 3)

Parent function: f(x) = x?
(a) Vertical shift 1 unit downward
g =2~ 1

(b) Reflection about the x-axis, horizontal shift 1 unit to
the left, and a vertical shift 1 unit upward

g)=—-(x+1)2+1

(c) Reflection about the x-axis, horizontal shift 2 units to
the right, and a vertical shift 6 units upward

g)=—(x—-27+6

(d) Horizontal shift 5 units to the right and a vertical shift
3 units downward

g =(x=52-3

Parent function: f(x) = |x|
(a) Vertical shift 5 units upward
g(x) =[x +5

(b) Reflection in the x-axis and a horizontal shift 3 units
to the left

g) = —|x + 3

(c) Horizontal shift 2 units to the right and a vertical shift
4 units downward

g)=|x—2| — 4

(d) Reflection in the x-axis, horizontal shift 6 units to the
right, and a vertical shift 1 unit downward

g) = —|x— 6] — 1

Parent function: f(x) = x

Horizontal shift 2 units to the right: y = (x — 2)3

Parent function: f(x) = x?

Reflection in the x-axis: y = —x?

10.

12.

14.

16.

Parent function: f(x) = x>

(a) Reflected in the x-axis and shifted upward 1 unit
g)=—-+1=1-x

(b) Shifted to the right 1 unit and upward 1 unit
g) = =17 +1

(c) Reflected in the x-axis and shifted to the left 3 units
and downward 1 unit

g =~ + 3 =1
(d) Shifted to the right 10 units and downward 4 units

glx) = (x — 10 — 4

Parent function: f(x) = /x

(a) Shifted down 3 units

g) = Vx -3
(b) Shifted downward 7 units and to the left 1 unit
g)y=Vx+1-7

(c) Reflected in the x-axis and shifted to the right 5 units
and upward 5 units

gx)=—Vx—-5+5

(d) Reflected about the x- and y-axis and shifted to the
right 3 units and downward 4 units

g0 =~V A FI—d=— (=3 -4

Parent function: y = x
Transformation: vertical shrink

Formula: y = %x

Parent function: y = [x]
Transformation: vertical shift

Formula: y = [x] + 4
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17.

19.

21.

23.

Parent function: f(x) = /x

Reflection in the x-axis and a vertical shift 1 unit upward:
y=—-JVx+1

glr) =12 — x2

(a) Parent function: f(x) = x?

(b) Reflection in the x-axis and a vertical shift
12 units upward

@ glr) =12 = f(x)

g)y=x+7
(a) Parent function: f(x) = x°
(b) Vertical shift 7 units upward

(© Y @ glx) = fx) +7

123456

g) =3x2+4
(a) Parent function: f(x) = x?

(b) Vertical shrink of two-thirds, and a vertical shift
4 units upward

(©) y

@ glv) = 3f(x) + 4

18. Parent function: y = |x|
Transformation: horizontal shift

Formula: y = |x + 2]

20. g(x) = (x — 8)?
(a) Parent function: f(x) =y = x?
(b) Horizontal shift of 8 units to the right
(© v (d) gx) = fx = 8)

22. gx) = —x* —1
(a) Parent function: f(x) = x3

(b) Reflection in the x-axis; vertical shift of 1 unit
downward

24. g(x) = 2(x — 7)?

(a) Parent function: f(x) = x?

(b) Vertical stretch of 2 and a horizontal shift 7 units to
the right of f(x) = x2

© Y
10+
o

6+

(d) gx) =2f(x = 7)

@ gx) = =f(x) — 1
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25. glx) =2 — (x + 5)?
(a) Parent function: f(x) = x?

(b) Reflection in the x-axis, horizontal shift 5 units
to the left, and a vertical shift 2 units upward

(© y (d) gx) =2 = flx +5)

27. glx) = V/3x
(a) Parent function: f(x) = /x
(b) Horizontal shrink by %

(©) y (d) glx) = f(3x)

29. gy =(x—1P +2
(a) Parent function: f(x) = x3

(b) Horizontal shift 1 unit to the right and a vertical
shift 2 units upward

(©) y (d glx) =flx—1) +2

31. glx) = —|x| — 2
(a) Parent function: f(x) = |x|
(b) Reflection in the x-axis; vertical shift 2 units downward

d) gx) = —flx) — 2

26. glx) = —(x + 102 + 5
(a) Parent function: f(x) = x?

(b) Reflection in the x-axis; horizontal shift of 10 units
to the left; vertical shift of 5 units upward

(© y (d) g) = —flx +10) +5

28. g0 = Vs
(a) Parent function: f(x) = x

(b) Horizontal stretch of 4, f(x) = /x
© () glx) = flzx)

30. gx) = (x+3)—-10
(a) Parent function: f(x) = x3

(b) Horizontal shift of 3 units to the left; vertical shift of
10 units downward

© ! (@ glx) = flx +3) = 10

-16 -12 -8 -4

32. glx) =6 — |x + 3]
(a) Parent function: f(x) = ||

(b) Reflection in the x-axis; horizontal shift of 5 units to
the left; vertical shift of 6 units upward

(©) ’ @ g(x) =6 = f(x +5)

N
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33. gx) = —|x + 4| +8
(a) Parent function: f(x) = |x|

(b) Reflection in the x-axis, horizontal shift 4 units
to the left, and a vertical shift 8 units upward

(© y d) glx)=—flx+4) +38

35. glx) =3 —[x]

(a) Parent function: f(x) = [x]

(b) Reflection in the x-axis and a vertical shift 3 units up

(d) glx) =3 = flx)

37. gx) = Vx—9
(a) Parent function: f(x) = /x

(b) Horizontal shift 9 units to the right
) (d g) =flx—9)

39. g0)=VT—x—-2 or g)=/-(Gx-7) -2
(a) Parent function: f(x) = /x

(b) Reflection in the y-axis, horizontal shift 7 units
to the right, and a vertical shift 2 units downward

3. gx) =|-x+3+9
(a) Parent function: f(x) = ||

(b) Reflection in the y-axis; horizontal shift of 3 units
to the right; vertical shift of 9 units upward

(© (d) gx) =f(=(x=3)) +9

B\/

36. g(x) = 2[x + 5]
(a) Parent function: f(x) = [x]

(b) Horizontal shift of 5 units to the left; vertical stretch
(each y-value is multiplied by 2)

(©) y (d) glx) =2f(x +5)

38. glx) = Vx+4+38
(a) Parent function: f(x) = /x

(b) Horizontal shift of 4 units to the left; vertical shift of
8 units upward

(©) y (d) glx) =flx+4) +8
12+
/
o
o
N
P S e
(©) Y ) gx) =f(7T—x)—2
o
24+
—_
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40.

42.

43.

45.

47.

49.

51.

gx)=—Vx+1-6 41. g(x):\/%x—4
(a) Parent function: f(x) = /x (a) Parent function: f(x) = x
(b) Reflection in the x-axis; horizontal shift of 1 unit (b) Horizontal stretch (each x-value is multiplied by 2)

to the left; vertical shift of 6 units downward and a vertical shift 4 units down

) g) = —flx+1)—6 © @ g =f(tx) — 4

-1 123456789

glx) = V3x + 1
(a) Parent function: f(x) = /x

(@) glx) = f(3x) + 1

(b) Horizontal shrink (each x-value is multiplied by %),
vertical shift of 1 unit upward

f(x) = x*> moved 2 units to the right and 8 units down. 44. f(x) = x> moved 3 units to the left, 7 units upward, and
e =(—22-38 reflected in the x-axis (in that order)

g = —(x+3)* =7

f(x) = x*> moved 13 units to the right. 46. f(x) = x> moved 6 units to the left, 6 units downward,
e(r) = (x — 13)3 and reflected in the y-axis (in that order)

gx)=(—x+6)P —6o0rglx) =—-(x—6)>—-6

f(x) = |x| moved 10 units up and reflected about the 48. f(x) = |x| moved 1 unit to the right and 7 units downward

X-axis.
g) = |x—1/ -7
g) = = (x| +10) = —[x| — 10

f(x) = x moved 6 units to the left and reflected 50. f(x) = /x moved 9 units downward and reflected in both
in both the x- and y-axes. the x-axis and the y-axis
g0 = —Vmx+6 gl = —(V=x -9
f) =x 52. f(x) =3
(a) Reflection in the x-axis and a vertical stretch (each (a) Vertical shrink (each y-value is multiplied by i)
y-value is multiplied by 3) olx) = i 3
gl) = =32

(b) Reflection in the x-axis and a vertical stretch
(b) Vertical shift 3 units upward and a vertical stretch (each y-value is multiplied by 2)
(each y-value is multiplied by 4) g(r) = — 28

glx) =4x>+3
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53.

5S.

56.

59.

62.

65.

f&) =[x

(a) Reflection in the x-axis and a vertical shrink (each
y-value is multiplied by 3)
gx) = —3lx|

(b) Vertical stretch (each y-value is multiplied by 3) and
a vertical shift 3 units downward

54. f(x) = Vx
(a) Vertical stretch (each y-value is multiplied by 8)
glr) = 8Vx

(b) Reflection in the x-axis and a vertical shrink
(each y-value is multiplied by }1)

gl = =3/

gx) =3|x[ =3

Parent function: f(x) = x3

Vertical stretch (each y-value is multiplied by 2)

glx) = 243

Parent function: f(x) = |x]|

Vertical stretch (each y-value is

57.

Parent function: f(x) = x2

Reflection in the x-axis; vertical

multiplied by 6) shrink (each y-value is multiplied
b 1

o) = 6| x| y 2) 1
g = e

Parent function: f(x) = /x 60. Parent function: f(x) = |x|

Reflection in the y-axis; vertical
shrink (each y-value is multiplied

by 3)
gl) =3/ ~x

Parent function: f(x) = |x]

Horizontal shift of 4 units to the
left and a vertical shift of 2 units
downward

g) = |x+4] -2

(@) glx) = fx) +2

Vertical shift 2 units upward

—CONTINUED—

63.

Reflection in the x-axis; vertical
shift of 2 units downward; vertical
stretch (each y-value is multiplied
by 2)

g) = —2x] — 2

Parent function: f(x) = x

Reflection in the x-axis and a
vertical shift 3 units downward

g =—-Vx-3

(b) g(x) =f(x) — 1

Vertical shift 1 unit downward

58.

61.

64.

Parent function: y = [[x]

Horizontal stretch (each x-value is
multiplied by 2)

g = [34]

Parent function: f(x) = x3

Reflection in the x-axis, horizontal
shift 2 units to the right and a
vertical shift 2 units upward

g() = —(x — 2 + 2

Parent function: f(x) = x?

Horizontal shift of 2 units to the
right and a vertical shift of 4 units
upward.

g)=(x =27 +4

(© g(x) = f(=x)

Reflection in the y-axis
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65. —CONTINUED—
@ g(x) = —2(x)

Reflection in the x-axis and a
vertical stretch (each y-value
is multiplied by 2)

66. (a) g(x) = f(x) =5

Vertical shift 5 units downward

(@) glx) = —4f(x)

Reflection in the x-axis and a
vertical stretch (each y-value
is multiplied by 4)

x

67. F = f(r) = 20.6 + 0.035¢2, 0 < 1 < 22

(a) A vertical shrink by 0.035 and a vertical shift of

20.6 units upward
F

40
35
30
25
20
15

Amount of fuel
(in billions of gallons)

4 8 12 16 20
Year (0 <> 1980)

(e

(e) glx) = f(4x)

Horizontal shrink (each x-value is

() g(0) = %)

Horizontal stretch (each x-value is

multiplied by ‘11) multiplied by 2)
24 8T
61
1 4T
{ Eg S
-2 -1 1 2 ! -6 -4 727 1 2 4 6 8 10 '

(®) gl) = f(x) + 5 © gk) = f(=x)
Vertical shift % unit upward Reflection in the y-axis
y y

7
6
5
4
sl os
2

*r—t—tr0 t +—+
—-6-5-4-3-2-1 12 3 4
-2
-3

() gb) = fix) — 2

Horizontal stretch (each x-value is
multiplied by 4) and a vertical shift
2 units downward

gkx) = f(2x) + 1

Horizontal shrink (each x-value is
multiplied by %) and a vertical shift
1 unit upward

y y

f£(22) — £(0) 3754 — 20.6
2-0 22

(b) =0.77

The average increase in fuel used by trucks was 0.77
billion gallons per year between 1980 and 2002.

(c) g(r) = 20.6 + 0.035(r + 10)> = f(r + 10)
This represents a horizontal shift 10 units to the left.
(d) g(20) = 52.1 billion gallons

Yes. There are many factors involved here. The number of
trucks on the road continues to increase but are more fuel
efficient. The availability and the cost of overseas and
domestic fuel also plays a role in usage.
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68. (a) The graph is a horizontal shift 20.396 units to the left

69.

71.

73.

75.

77.

79.

of the graph of the common function f(x) = x? and a
vertical shrink by a factor of 0.0054.

M

—_ N W A Ly
—tt——+—+—+

Amount of mortgage debt
(in trillions of dollars)

2 4 6 8 1012
Year (0 <> 1990)

True, since |x| = |—x]|, the graphs of f(x) = |x| + 6 and
f(x) = |—x| + 6 are identical.

(a) The profits were only % as large as expected:
g(n) =3/

(b) The profits were $10,000 greater than predicted:
g(?) = () + 10,000

(c) There was a two-year delay: g(1) = f(t — 2)

y=fx+2) -1

Horizontal shift 2 units to the left and a vertical shift
1 unit downward

0,1)>0—-2,1-1) =(-2,0)
1,2)»1-22-1)=(-1,1)
(2,3)>(2-2,3-1) =1(0,2)

i_._ 4 =4(1—x)-l-4x=4—4x+4x= 4
x 1-x x(1 —x) x(1 — x) x(1 — x)
3 2 3 -2

x—1 x(x—l):x(x—l)

(x_4)( le— 4) N xx2__44: (x_;)\—/ﬁ

(b) f(r) = 0.0054(r + 30.396)>

By shifting the graph 10 units to the left, you obtain r = 0
represents 1990.

70. False. The point (—2, —67) lies on the transformation.

72. If you consider the x-axis to be a mirror, each of the
y-values of the graph of y = —f(x) is the mirror image of
each of the y-values of the graph of y = f(x).

74. Answers will vary.

(a) is probably simpler to graph by plotting points and (b)
is probably simpler to graph by translating the graph of

y = x2
2 2
76°x+5_x—5
2 2 2k=5-2x+5)
x+5 x—5 (x + 35 —95)
:2x—10—2x—10_ —-20

x+35x-5  G+35x-53)

78.

X 1 2x+x—-5_ 3x-—35

x—5 2 2x—-5  2x-15)

X xX2—x—-2
80. (x2—4>( x? )

)

x+ 1
= k%2
x(x+2)’x¢
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=5x—3), x# -3

81. (x2_9)+<x+3>=(x+3)(x_3). 5

5 1 x+3

82( X >7< x2+3x>
T\ —-3x—28)  \x2+5x+4

(x2 - 28) N <x2xj ;31 4) - <x2 - 28) ' (xzxt ix; 4)
x4+ 1) _ x+1
=D+ Dx(x+3) k-7 +3)

, x# —4,-1,0

83. f(x) =x2— 6x + 11
(@) f(=3) = (=32 —6(—3) + 11 =38
b) f(=3) = (=3f —6(=3) + 1 =F+3+11=F
© fe—3)=@—-32?—-6x—3)+1l=x>—6x+9 —6x+ 18 + 11 =x2 — 12x + 38

84. f(x) = /x+10—-3

(@ f(—10) = V/—10+ 10 — 3 (b) £(26) = /26 + 10 — 3 © fx—10)= V/x—10+ 10 -3
= -3 =J36—-3=3 =Jx—3
2 _Vx—3
85.f(x)—“7x 86. f(x) = g
Domain: All real numbers except x = 11 Domain: x > 3, x # 8 or[3,8) U (8, o)
87. flx) = V81 — x2 88. f(x) =34 —x2
81 —x>=0 Domain: All real numbers

O+x)09—-x)=0

Critical numbers: x = £9

Test intervals: (—oo, —9), (=9, 9), (9, o)
Test: Is 81 — x? > 0?

Solution: [—9, 9]

Domain of f(x): =9 <x<9

Section 1.8  Combinations of Functions: Composite Functions

B Given two functions, f and g, you should be able to form the following functions (if defined):
1. Sum: (f + g)x) = f(x) + gx)

. Difference: (f — g)(x) = f(x) — g(x)

. Product: (fg)(x) = f(x)g(x)

. Quotient: (f/g)(x) = f(x)/g(x), gx) # 0

. Composition of f with g: (f° g)(x) = f(g(x))

6. Composition of g with f: (g = f)(x) = g(f(x))

[V S N )
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Vocabulary Check

1. addition, subtraction, multiplication, division 2. composition
3. g(x) 4. inner; outer
! X 0 11213 2 X -2 -110 1 2
f 2 312 f(x) 200 | 1| -1]1
g 10|30 g(x) 1 1 o |2 |2
f+gl1 31202 hx)=(F+ k) | -1 1 -1]1 |3

=

3. 4. The domain common to both functions is [— 1, 1], which
x 2|0tz 4 is the domain of the sum.
f 2 |o|1]2]4
g 4 |2]1]0]2 * —1]0 !
f+gle [2)2]2]6 f L R
g(x) -1 -2 |1
M =70 + g | 1| —05 | 4
S0 125456 .
5.f0)=x+2,g(x) =x—2 6. f(x) =2x—35,g(x) =2 —x
@ (T80 =f0) +gk)=K+2)+(x—-2) =2 @ (f+eh)=2x—-5+2—-x=x-3
®) (f-gW) =fx) —glx) =x+2) —x-2)=4 b) (f—gk) =2x—5-02-x
© (fo)x) =fx) - g(0) = (x +2)(x —2) = x> — 4 =2x—5-2+x=3x-17
@ (z>(x) _ J% -xt2 © (fw) = (2x = 5)2 — x)
§ g8 =4x — 22— 10+ 5x = —2x + 9x — 10
Domain: all real numbers x except x = 2 _
@ (L)oo =222
g x

Domain: all real numbers x except x = 2
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7. fx) =x%glx) =4x—5

@ (f+ g = flx) + glx)
=x2+@dx—-5=x2+4x-5
() (f — &) = flx) — gl)

=x>—-(Ax—-5=x2-4x+5
© (fo)x) = flx) - glx) = x2(4x — 5) = 4x> — 522

@ (o5

. 5
Domain: all real numbers x except x = 1

L) =2+ 6,800 =1 —x
@ (f+ g =fx) +g)=G+6) + /1 —x
) (f—gx) =fx) —glx) = (> +6) — VT —x
(© (fe)l) = f(x) - glx) = (> + 6)V1 — x
) x¥+6  (2+6)V1—x
(d)(>()_g() l—x_ I —x ’
Domain: x < 1
1
1 = e = &
@ (F+ QW) =) + g) =+ + 5 =51
®) (F= 900 = /() = glo) =+ = 5 =

709+ g9 = (%

1
-

@ (Lo =L -2

© (o)) =

X

glx) 1/x2  x

Domain: all real numbers x except x = 0

For Exercises 13-24, f(x) = x2 + 1 and g (x) = x — 4.

13. (f+2)(2)

=fQ+g2Q)=2+D+2-4=3

8. f(x)

=2x—5,gx) =4

@ (f+gk)=2x—5+4=2x—1

(b)

(© (fo)x) =

(d)

(f—-g9g)=2x—5—-4=2x—-9
(2x — 5)(4) = 8x — 20

(=253

Domain: all real numbers x

2
10. f(x) = /x> — 4, glx) = x2x+ |
@ (f+ Q) = V& =4+ =
x>+ 1
2
®) (= g)) = Vo =4 = 5"
_ — x2 _ 22— 4
© (R = V= a () -

(d)

12. f(x) =

(@)

(b)

(©)

(d)

14. (f -

<£>(x):\/xZT+ x? :(x2+l)m

X2+ 1 x?
Domain: x> —4 >0
X >4 = x>2o0rx<—2

Domain: |x| = 2

=x3
_ X 3:x-i-x“-i-x3
(f+ 2 x+1+x x+1
B _ X _3:x—x4—x3
(f g)(x) x + 1 * x+ 1
x*
= e« 3 =
() =~ =

(>() N X 1 1
x + 0 = ==
x+ 1 x+1 ¥ X2x+1)

Domain: all real numbers x except x = O and x = —1

Y1 =f(=1 —g(=1
=(—1P+1—(—1-4)
=1+1-(-5)
=7
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15. (f—2)0) =f(0) —g0)=(0>+1)—(0—-4) =5 16. (f+ g)(1) = f(1) + g(1)
=(12+1+(01)—4
=—1
17. (f — g)(31) = f(31) — g(3r) = [(31)* + 1] — (3t — 4) 18. (f+g)r—2) =f(t—2)+ gt —2)
=92 —-3t+5 =@—-2+1+(@—2—4
=P —4+4+1+1-2-4
=r—-3t—1
19. (f3)(6) = f(6)g (6) = (6% + 1)(6 — 4) = 74 20. (fe)(=6) = f(=6) - g(—6)
= [(—=6)* + 1][(—6) — 4]
= (37)(—10)
= —370
ey _fO) _ 52+ 1 _ Ny /0 _02+1 _ 1
21. <g>(5) $5) s5—4 O 2 (g>(°) d0) 0-4 4
2. (L)een - o) = H - e 2. (f5) + /(@) = f5)(5) + 1(4)
S =32+1D)6-4)+@+1)
=T -4 B9 =261+ 17
2 3 =43
=—Z41==2
5 5
25. f(x) = %x, gx)=x—-1,(f+ gk = %x -1 26. f(x) = %x, gx)=—x+4
(f+g)(x)=%x—x+4: —%x+4
27. f(x) = 2% gx) = —2x, (f+ g)(x) = x> — 2x 28. f(x) =4 —x2 glx) =x

(f+o)=4—x2+x=4+x— 2




82

Chapter 1 Functions and Their Graphs

29.

31.

33.

35.

3

X X
@) = 3xg0) = =15 (F + &) = 3x = 5

10

mivi|
r

10 ¢

For 0 < x < 2, f(x) contributes most to the magnitude.

For x > 6, g(x) contributes most to the magnitude.

o) = 2% g(x) = x — 1

@ (f-g)) = flg) =flx = 1) = (x = 1)?
b) (g =) = g(fx) = g =x* — 1

© (f=N)0) = f(f&)) = f(?) = () = »*

fO) =Yx =1, gl) = »* + 1
@) (f- &) = f(g))
=f + 1)
SN (CES
P =x
®) (g N = g(fx)
= g(Jx—1)
= (=1 +1
=x—-—1)+1=x
© (fefx) = f(f(x)
=¥ =1)

fx) = V/x +4 Domain: x > —4
g(x) = 2 Domain: all real numbers x
@ (foa)) =flg) =f() = Vo2 + 4
Domain: all real numbers x
b) (g-Nx) = g(f(x)
— (VAT = (ET A = s

Domain: x > —4

30 70) = 5. 800 = Vx (F+ 90 =5 + Vi

g(x) contributes most to the magnitude of the sum for
0 < x < 2. f(x) contributes most to the magnitude of
the sum for x > 6.

32 f(x) =3x+5¢0x) =5—x
@) (f=8)x) = flgx)
=f5-x=35-x+5=20-3x
®) (g <f)x) = g(fx)
=gBx+5=5-0Bx+5 =3
© (f ) = f(f(x)
=fBx+5)=30Bx+5) +5=9%+20

R

@ o9 = i) = (1) = (1) = L

X

) (g A0 = g(f() = g(F) = =

x3

© (fof)x) =f(f(x) = f(3) = (x3)3 =2°

36. f(x) = ¥/x — 5 Domain: all real numbers x
glx) = x* +1  all real numbers x

@ (f-8)) = f(gkx)

=@+ ) =YF+1-5=Y"—4

Domain: all real numbers x
() (g=f)x) = g(f(x))
= g(¥x=3)
= (3 X — 5)3 +1
=x—5+1=x—-4

Domain: all real numbers x
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37.

39.

41.

42,

43.

45.

FO) =2+ 1

g = Vx

@ (fog)0) =flg0) =f(Vx) = (Vo + 1=x+1
Domain: x > 0

®) (gN0) =g(fW) =g+ 1) = Va2 + 1

Domain: all real numbers x

Domain: all real numbers x

Domain: x = 0

fx) = |x| Domain: all real numbers x

g(x) =x+ 6 Domain: all real numbers x

@ (f°g)x) = flglx) = flx + 6) = |x + 6
Domain: all real numbers x

(b) (g /)x) = g(f(x) = g(jx]) = [x] + 6

Domain: all real numbers x

1
flx) = < Domain: all real numbers x except x = 0

g(x) = x +3 Domain: all real numbers x

1
x+3

(@ (fee)x) =f(gl) =flx +3) =

Domain: all real numbers x except x = —3

flx) = o Domain: all real numbers x except x = *1
glx) = x + 1 Domain: all real numbers x
@ (fe9)x) = flgx)
=flx+1)
-3
x+1)2-1
-3
X2+2x+1-1
-3
x>+ 2x
Domain: all real numbers x except x = 0 and x = —2
@ (f+20B3)=f3)+gB)=2+1=3
2 o
o (=120
4 g(2) 2

@ (f-8)(2) =f(g2)=f2)=0
(b) (g -£)2) = g(f(2)) = g(0) = 4

38. f(x) = x** Domain: all real numbers x

g(x) = x® Domain: all real numbers x
(@) (fo8)x) =f(gl) = f(x%) = (x0)*3 = x*
Domain: all real numbers x

(b) (g-)x) = g(f(x) = g(x*?) = (¥3)° = x*

Domain: all real numbers x

40. f(x) = |x — 4| Domain: all real numbers x

g(x) =3 —x Domain: all real numbers x
@ (fg)x) = flgx)
=fB-x=|B-x—4[=|-x—1
Domain: all real numbers x
(b) (g=f)x) = g(f(x))
=g(x—4)=3—-(x—4)=3—-|x—

Domain: all real numbers x

) (A0 = g(f(x) = gG) -1

Domain: all real numbers x except x = 0

_3te-
X2 =1
X2+ 2

T2

Domain: all real numbers x except x = 1

4. @ (f-9)=f1) —gl) =2 -3 =1

(b) (fe)4) =f(4)-g4)=4-0=0

6. (a) (f-2)(1) = f(g(1)) =f(3) =2

(b) (g-/)3) = g(f(3)) = 5(2) =2

4
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47.

49.

51.

53.

55.

57.

59.

h(x) = (2x2 + 1)?

One possibility: Let f(x) = x? and g(x) = 2x + 1, then
(f = 8)x) = h(x).

hx) = x> — 4

One possibility: Let f(x) = Jxand g(x) = x> — 4, then
(f > g)x) = h(x).

h(x):x+2

One possibility: Let f(x) = 1/x and g(x) = x + 2, then
(f - 8)x) = h(x).

-x2+3
hx) =5
- x+3
One possibility: Let f(x) = g and g (x) = —2, then

(f-8)x) = hix).

T(x) = R(x) + B(x) = 3x + 52

300

B 20 T

4

Z 2 20

£3 B
8 < 150

g<

Z 100

(=) R

50

10 20 30 40 50 60
Speed (in miles per hour)

_ p) + b)) — d@)
(a) C([) - p(t)

(b) ¢(5) represents the percent change in the population in
the year 2005.

x 100

A(?) = 3.362 — 59.8¢ + 735, N(t) = 1.95¢> — 42.2t + 603
(@ (A + N)(?) = A(r) + N(r) = 5.31¢2 — 102.0r + 1338

This represents the combined Army and Navy personnel
(in thousands) from 1990 to 2002, where t = 0
corresponds to 1990.

(A + N)(4) = 1014.96 thousand
(A + N)(8) = 861.84 thousand
(A + N)(12) = 878.64 thousand

48.

50.

52.

54.

56.

58.

(b)

hx) = (1 —x)?

One possibility: Let g(x) = 1 — x and f(x) = x3, then
(f°8)x) = hlx).

h(x) = V9 — x

One possibility: Let g(x) = 9 — x and f(x) = /x, then
(f-8)x) = h(x).

4

) = 5o

4
One possibility: Let g(x) = 5x + 2 and f(x) = —, then
x
(f8)x) = hix).

27x3 + 6x

h) = 1o =270
27x + 6 x
il — .3 _ LT OVX
One possibility: Let g(x) = x> and f(x) 10— 7%

then (f= g)(x) = h(x).

(a) Total sales = R, + R,
= 480 — 8¢ — 0.8¢2 + 254 + 0.78¢
= 734 — 7.22¢t — 0.8¢>

(b) o0

(@) p(r) = d(1) + (1)
(b) p(5) represents the number of dogs and cats in 2005.

_p) _d) + )
M0 =00 =

h(t) represents the number of dogs and cats at time ¢
compared to the population at time ¢ or the number of
dogs and cats per capita.

(A — N)(1) = A(H) — N(t) = 1.41¢2 — 17.6t + 132

This represents the number of Army personnel
(in thousands) more than the number of Navy personnel
from 1990 to 2002, where ¢ = 0 corresponds to 1990.

(A — N)(4) = 84.16 thousand
(A — N)(8) = 81.44 thousand
(A — N)(12) = 123.84 thousand
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CE() 25951 — 231.21 + 3356
60. (@) h(t) = 5 = 3.02 + 252.0

h(t) represents the millions of dollars spent on exer-
cise equipment compared to the millions of people in
the U.S., or the amount spent per capita.

61.
Year Y1 Y2 V3

1995 | 146.2 | 329.1 | 44.8

1996 | 152.0 | 344.1 | 48.1

1997 | 162.2 | 3599 | 52.1

1998 | 1752 | 382.0 | 55.6

1999 | 1844 | 412.1 | 57.8

2000 | 194.7 | 449.0 | 574

2001 | 205.5 | 496.1 | 57.8

(a) y, = 10.20¢ + 92.7
v, = 3.357t> — 26.461 + 379.5
y; = —0.465:> + 9.71t + 74

62. (a) Tis a function of ¢ since for each time # there corresponds

(b) T(4) =~ 60° T(15) =~ 72°

(b) A(7) = 11.0169 dollars spent per person in 1997
h(10) = 12.895 dollars spent per person in 2000
h(12) = 14.982 dollars spent per person in 2002

(b) v, + y, + y3 =~ 2.8922 — 6.55¢ + 479.6

This sum represents the total spent on health services
and supplies for the years 1995 through 2001. It includes
out-of-pocket payments, insurance premiums, and other
types of payments.

(c) 720

N

—

0

(d) For 2008 use t = 18:
(y, + y, + y5)(18) = $1298.708 billion
For 2010 use t = 20:
(v, + v, + y5)(20) = $1505.4 billion

one and only one temperature 7.

(c) H(t) = T(t — 1); All the temperature changes would be one hour later.

(d) H(z) = T(r) — 1; The temperature would be decreased by one degree.

(e) The points at the endpoints of the individual functions that form each “piece” appear to be (0, 60),
(6, 60), (7, 72), (20, 72), (21, 60), and (24, 60). Note that the value ¢t = 24 is chosen for the last
ordered pair because that is when the day ends and the cycle starts over.

From t = 0 to t = 6: This is the constant function 7'(t) = 60.

From ¢t = 6 to t = 7: Use the points (6, 60) and (7, 72).

72 — 60
=%
"= e

y—60=12x —6) = y=12x — 12,0r T(f) =

12t — 12

From ¢ = 7 to t = 20: This is the constant function 7(f) = 72.

From ¢ = 20 to t = 21: Use the points (20, 72) and (21, 60).

_12-60

m=o0—a - 12

y—60=—12(x —21) = y= —12x + 312,0or T(t) = —12¢ + 312

From t = 21 to t = 24: This is the constant function 7() = 60.

60,
12t — 12,
A piecewise-defined function is T(¢) = {72,
— 12t + 312,
60,

0<t<6
6<t<7
7<t<20.
20 <t < 21
21 <1 <24

Note that the endpoints of each domain interval can be ascribed to the function on either side of it.
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63. (a) r(x) =§
(b) A(r) = mr?

(©) (Ao =A>rK) = A(%) - W(g)z

(A < r)(x) represents the area of the circular
base of the tank on the square foundation with
side length x.

65. (a) N(T(x)) = N(3t + 2)

10(3t + 2)2 — 20(3¢ + 2) + 600

10(9¢% + 12t + 4) — 60t — 40 + 600
= 90r2 + 60t + 600
=30032+2r+20), 0<r<6

This represents the number of bacteria in the food as
a function of time.

(b) 30(32 + 2t + 20) = 1500

~

312 4+ 2t + 20 = 50
3t2+2t—30=0

By the Quadratic Formula, = —3.513 or 2.846.
Choosing the positive value for ¢, we have ¢t = 2.846
hours.

67. (a) f(g(x)) = £(0.03x) = 0.03x — 500,000
(b) g(f(x) = glx — 500,000) = 0.03(x — 500,000)

64. (A -n(1) = A(r(t)) = A0.61) = 7(0.61)> = 0.367¢>

A - r represents the area of the circle at time 7.

66. C(x) = 60x + 750, x(t) = 50¢
@ (C-x)() = Clx(0)
= C(501)
= 60(501) + 750
= 3000¢ + 750

(C = x)(t) represents the cost of production as a
function of time.

(b) Find ¢ when (C ° x)(¢) = 15,000.
15,000 = 3000t + 750
t = 4.75 hours

The cost of production for 4 hours 45 minutes is
$15,000.

g(f(x)) represents your bonus of 3% of an amount over $500,000.

68. (a) R(p) = p — 2000 the cost of the car after the factory
rebate

© (R -S)(p) = R(0.9p) = 0.9p — 2000
(S > R)(p) = S(p — 2000)
= 0.9(p — 2000) = 0.9p — 1800

(R < S)(p) represents the factory rebate after the deal-
ership discount.

(S ° R)(p) represents the dealership discount after the
factory rebate.

69. False. (fog)(x) = 6x + 1 and (g o f)(x) = 6x + 6.

(b) S(p) = 0.9p the cost of the car with the dealership
discount

(d (R=S)(p) = (R - 5)(20,500)
= 0.9(20,500) — 2000 = $16,450

(S < R)(p) = (S < R)(20,500)
= 0.9(20,500) — 1800 = $16,650

(S < R)(p) will always be larger. Observe the formulas
in (c).

70. True. The range of g must be a subset of the domain of f
for ( f - g)(x) to be defined.
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71. Let f(x) and g(x) be two odd functions and define
h(x) = f(x)g(x). Then

h(=x) = f(=x)g(—x)
= [-fW-sW)]
= fx)gx)
= h(x).

since f and g are odd

Thus, A(x) is even.

Let f(x) and g(x) be two even functions and define
h(x) = f(x)g(x). Then

h(=x) = f(=x)g(—x)
= f(x)gx)
= h(x).

since fand g are even

Thus, A(x) is even.

73. f(x) =3x— 4

fx+n) — flx) _ [Bx+h) —4]— Bx—4)
h h

3x+3h—4-3x+4

72. Let f(x) be an odd function, g(x) be an even function, and
define h(x) = f(x)g(x). Then

h(=x) = f(=x)g(=x)
[—f(¥)]g)
= —f(x)gx)
—h(x).

since fis odd and g is even

Thus, 4 is odd and the product of an odd function and an
even function is odd.

74. f)=1-2x
fx+h =1-(x+ h)?
=1- 2+ 2hx + 1?)

1 —x* = 2hx — h?

h
fe+h) —fx) 1—x*=2hx—h—(1-2)
_3h n h
h
it Skl PR
=3, h#0 = p = —2x —h,
4
75. f(x) = —

X

4 4 4 —4x+h)

foe+h) —fx) x+h x  x(x+h
h h ﬁ
1
dx — 4x — -
_ & X 4h.l: a4 .l: Ch£0
x(x + h) h x(x+h) Kk x(x+h)
76. flr) = V2x + 1
fe+hn=V2x+hn+1
S+ h) —flx) 2+ h) +1— 2+ 1
h h
_ N2+ - 2+ 200+ R+ 1+ V2x+ L
h 20+ h) + 1+ V2x+ 1

2x+hn+1]—2x+1)
W2+ h) + 1+ J2x +1)

% +2h+1 -2 1
W26+ h) + 1+ J2x+1)

2
= L h #0
2c+h) + 1+ V2x+1
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77. Point: (2, —4)

Slope: m =3

78. (—6,3),m = —1

Ly y=3= (16— (-6)

vy (4 =36-2)

y+4=3x—-6
3x—y—10=0

79. Point: (8, —1)
Slope: m = —%
y= (=) =—-3-9
y+1=—x+12
2y +2=—3x+24
3x+2y—22=0

y—3=—-x—6 y

— 4+
x+y+3=0 6.3) N

80. (7,0),m =3 v
y=0=3a-17
7y = 5x — 35
S5x —7y—35=0

Section 1.9 Inverse Functions

every x in the domain of f.

2. Replace f(x) with y.

4. Replace y with f~'(x).

B Two functions fand g are inverses of each other if f(g(x)) = x for every x in the domain of g and g(f(x)) = x for

B A function fhas an inverse function if and only if no horizontal line crosses the graph of f at more than one point.
The graph of f~! is a reflection of the graph of f about the line y = x.
B Be able to find the inverse of a function, if it exists.

1. Use the Horizontal Line Test to see if /! exists.

3. Interchange x and y and solve for y.

Vocabulary Check
1. inverse; f-inverse

4. one-to-one

2. range; domain .y=x

5. Horizontal

L /() = 6x
S = =
1 =s(%) = of2) =«
S =) = 2 =

1
2. flx) = gx
Fix) =3x
FFQ) = fGr) = %(3@ .

70 = () = 3(3e) =«
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3. fx)=x+9
fix)=x-9
JF) =fx—9) =k -9 +9=ux
) = +9) =x+9) -9 =x

5 fx) =3x+1
F =5
AN ))zf(’“; 1)—3<x; ‘)+ I=x
S =y = D
7. f0) = ¥
Fiw =

FFW) = £(6) = ¥ = x
SR = () = () =»

9. The inverse is a line through (—1, 0).
Matches graph (c).

11. The inverse is half a parabola starting at (1, 0).
Matches graph (a).

13. f(x) = 2x, glx) = %

@ flgl) = f(%) = 2(%) = x
8(70) = 520 = 2" =
(b) :
iy
15. f() = Tx + 1, glx) = %
@ ) = (*5) =72 1=

(Tx+ 1) — 1
I+ )-1_

g(f(x) = g(x + 1) = 7

4. fx) =x—4
i) =x+4
fF')) =fx+4) =x+4—4=x
W) =fx—4)=x—4+4=x

flx)=5x+1

) = o+ 1) = 2Ly

e = (S5 = (S

=x—1+1=x

8. flx) =X
0 = ¥
W) = f(&%) = () = x
FUF) = f7100) = I = x

10. The inverse is a line through (0, 6) and (6, 0).
Matches graph (b).

12. The inverse is a third-degree equation through (0, 0).

Matches graph (d).

4. f(x) =x—5, gk) =x+5
@ flgr) =fx+5)=Gx+5-5=x
gfx) = gx =5 =(x=5) +5=x
(b)

(b)




90 Chapter 1 Functions and Their Graphs

16. f(x) =3 — 4x, g(x) = 3 ; d 17. f(x) = %, o(x) = I8«
@ re) = 1(255) =3 -2 @ floto) = r(¥aw) - B8

N

=3-G-0=x ) = o 2) = () = v =

) = g6 — 49 = 2B =R A, .

(b)

18. f(x) = -, glx) :i 19. fx) = Vx—4, gb) =x2+4,x20
N L @ flel) = F2 + 4. 320
@ sl =1(3) = =1 e 1= Y e
(N _ 11 x g(f(x) = g(x —4)
(b) ¥ (b)
? f=g
20. fx) =1 —x3, glx) =1 —x 21 f(x) =9 — x4 x 2 0;¢x) = V9 —x,x <9
@ fle) =fIT—x)=1-(@T-x) @ flgt) =f(VO=x), x<9
=1-(1-x=x :9—(\/9—x)2:x
gf) =gl =) = Y1 -1 -x) =3I =x g(f(x) = g(9 — ), x>0

(b) N =/9-09 -3 =x
AT (b ’
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1 1 -
22. fx) =——, x = 0; g(x):7x’ 0<x<1 by
1+ x x
1 —x 1 1 1
@ rle) = () - e
X (1 x) x 1—-x 1
1+ = -
X X X X
1_( 1 ) l+x 1 X
1 1+ x I +x 1 +x 1+ x X x + 1
s = g - o) L R
1 +x 1+ x 1+ x
x—1 5x + 1
23 () ==, gl) = — b f
) T E5 glx) < — 1 (b) -
Sx+ 1 g
X I 1
(a)f(g(X)):f<—7_1) bos)
X 1 4‘-
1 241 f
(75x+17 ) Sos—el AT 56 w10
x—1 x—1 —B5x+1)—(x—1) —6x i AR
= . = =—— =x g |
( 5x+ 1 ) x—1 —=Gx+1)+5x-1) -6 oot 8
_7_0_5 i -8+
x—1 :710~»:r
(e = (21)
AN gx+5
x—1
+
__[5<x+5> 1].x+5__5(x1)+(x+5)__6x_x
[x—l_l] x+5 x—1)—-x+59) -6
x+5
x+3 2x + 3 )
4. f(0) = 580 = T (®) )
243, wA3+R-3
243\ _ x—1 x| X
@ st =1 (3 S mma s
x—1 x—1 '
x+3 2+ 6 +3x—6
+ e —
() = (”3)—2<xz> U T S
¢ w2 x+3_ x+3-x+2 5
x—2 x—2

25. No, {(=2, —1),(1,0), (2, 1), (1,2), (=2, 3), (=6,4)}
does not represent a function. —2 and 1 are paired with

two different values.

27.

x -210 214168
'l | =2 -110|1]2]3
29. Yes, since no horizontal line crosses the graph

of f at more than one point, f has an inverse.

31. No, since some horizontal lines cross the graph

of f twice, f does not have an inverse.

26. Yes, {(10, —3), (6, —2), (4, —1),(1,0), (=3, 2),(10,2)}
does represent a function.

28. X -10| -7 |-4|-1]2]5
FHx) | -3 2|1 -110 1|2
30. No, because some horizontal lines intersect the graph

twice, f does not have an inverse.

32. Yes, because no horizontal lines intersect the graph

at more than one point, f has an inverse.
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4 —x
33, glx) = 5 34. f(x) =10 35. h(x) = |x + 4] — |x — 4]
14 10
4
B —l , -10 10
-12 12 —_—
-2 -10
N fdoes not pass the horizontal line h does not pass the horizontal line
g passes the horizontal line test, test, so f does not have an inverse. test, so h does not have an inverse.
S0 g has an inverse.
36. g(x) = (x + 5)° 37. flx) = —2x/16 — X2 38. f(x) = é(x +2)2 -1

L4

-4

;

g passes the horizontal line test,
so g has an inverse.

20

A
N

-20
fdoes not pass the horizontal line
test, so f does not have an inverse.

24

-24 24

-8
fdoes not pass the horizontal line
test, so f does not have an inverse.

39. (a) flx) =2x—-3 (b) y 40. (a) f(x)=3x+1 (b) y
y:2)673 8 f y:3x+l 3 f
6 2
x=2y—3 . I x=3y+1 ] =
x+3 2‘ x—1 y =t
y = ‘ . =
2 5 2 4 6 8 3
-2
- :x+3 VRN
IO S =1

(c) The graph of £~ is the reflection of the graph of f
about the line y = x.

(d) The domains and ranges of f and /! are all real

(c) The graph of f 1 is the reflection of f in the line
y =X

(d) The domains and ranges of f and /' are all real

numbers. numbers.
41. (@)  flx) =x"—2 (b) 2. foO=xr+1 (b) v
- LS
y=x>—-2 34 S Y= 41 6
2+ 4+
x=y =2 | = x=y’+1 N 7
y=3x +2 - e x—1=y3 | —t—t
IR _/ Hi=y ,
_3d i) =3x—1 -6+

(c) The graph of f~! is the reflection of the graph of f
about the line y = x.

(d) The domains and ranges of f and f ! are all real
numbers.

(c) The graph of f 7! is the reflection of f in the line
y=x.

(d) The domains and ranges of f and f ! are all real
numbers.
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43. @) [ =Vx

y=Jx
x=y
y=x

(c) The graph of f~1 is the reflection of the graph of f
about the line y = x.

(d) The domains and ranges of f and £~ are [0, co).

45. (a) flx)=V4—-x40<x<2

y=va-»
x=V4—y
x2 =4 —y?
V=4-x
y=v4-2
Fllo)=V4—32 0<x<2
b

(c) The graph of f ! is the same as the graph of f.
(d) The domains and ranges of f and £~ are [0, 2].

4
47. @ f) = (b) v
4t
4 3
y= X 24
N
x = i -3 75 -1
y Y
xy =4 37
4
YTy
4
[ =

(¢) The graph of 7! is the same as the graph of f.

(d) The domains and ranges of f and f ! are all real
numbers except for 0.

4. (@) fx) =x% x=20 (b) v

y=x
x = y?
Vx=y
0 =

(c) The graph of f 7! is the reflection of f in the line y = x.
(d) The domains and ranges of f and £~ are [0, co).

46. (a) fx)=x2—-2, x<0
y=x*—-2
x=y2—-2

i\/m=y
[ =Vt 2

()

(c) The graph of f ! is the reflection of f in the line
y=x

(d) [—2, oo) is the range of f and domain of f~.
(— o0, 0] is the domain of f and the range of f .

2
48. (a) flx) = S (b) y
]
2 ]
y=-3 T
2 X
R
y
2
YTy
2
[ ==

(c) The graphs are the same.

(d) (—o0,0) U (0, o) is the domain and range of f
and fL.
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x + 1

49. (a) f(x)—x_2
_x+1

Y x—2

y+ 1

X v 2

xy—2x=y+1
xy—y=2x+1
yax—1)=2x+ 1

_2x+1
Y x—1
2x + 1
1 =
[ ="
x—3
50. (a) flx) = T2
=x*3
Y x+2
_y—-3
x_y+2

xy+2x—y+3=0

yx—1)=-2x—3
:—2x—3
x— 1

i = =2

51. @) flx)=Jx—1 (b)

y=3¥xr-1
i=#H1
P=y-1
y=x>+1
o) =x+1

(¢) The graph of 7! is the reflection of the graph

of f about the line y = x.

(d) The domains and ranges of f and f ! are all real

numbers.

(b)

(c) The graph of £~ is the reflection of the graph of f about the line
y =X

(d) The domain of f and the range of f ! is all real numbers except 2.
The range of f and the domain of 1 is all real numbers except 1.

) y

~

(c) The graph of f ! is the reflection of the graph of f about the line
y =X

(d) The domain of f and the range of f ! is all real numbers except x = —2.
The range of f and the domain of f ! is all real numbers except x = 1.

52. (a) fl(x) = x3/5 (b)
! y = x3/5
, f x = y3/5
/1 / . X5/3= (y3/5)3/3
4 6
X =y
) = x3

(c) The graph of f! is the reflection of the graph
of f about the line y = x.

(d) The set of all real numbers is the domain and
range of f and 1.
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6x + 4
53. (a) flx) = s (b) O
3+ I
y= 6x + 4 / : N | ;
- f | :
4x + 5 Lo /.:._——
6y + 4 — :e/ > x
X = -3 -2 1,2 3
4y + 5 1
o |
x(4y +5) =6y + 4 T
i -3+ 1
4xy + 5x = 6y + 4 ' '
4xy — 6y = —5x + 4 (c) The graph of f ! is the graph of f reflected about the line y = x.
ydx — 6) = =5x + 4 (d) The domain of f and the range of f ! is all real numbers except —%.
Syt 4 The range of f and the domain of £~ is all real numbers except %
Ty
—5x+4 5x—4
—1(y) = -
W =076 T 6
8x — 4 !
54. (a) flx) = 16 () 7
_ 8x — 4
Y 2x + 6
8y —4
T 2y + 6
2xy + 6x =8y — 4
y(2x — 8) = —6x — 4
—6x — 4 (c) The graph of f ! is the graph of f reflected about the line y = x.
y= _
2x—8 (d) The domain of f and the range of f ! is the set of all real numbers x
exceptx = —3.
The domain of ! and the range of fis the set of all real numbers x
except x = 4.
1 X
55. flx) = x* 56. f(x) = 57. g(x) = 3
X
y=x
. - = _Xx
X =y Y= 2 Y=y
— 4+ 4
X = 3 x ==
This does not represent y as a y 8
function of x. fdoes not have an , 1 y = 8x
nverse. yo=-
X This is a function of x, so g has an
1 inverse.
y=E/
X g '(x) = 8

This does not represent y as a
function of x. f does not have
an inverse.
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3x + 4
58 f()=3x+5 59. p(x) = —4 60. f(x) == .
=3x+5 =—4
Y * Y _3x+4
x=3y+5 Since y = —4 for all x, the graph Y= 5
_5-3 is a horizontal line and fails the
X =y Horizontal Line Test. p does not = 3y +4
x—5 have an inverse. 5
37
Sx =3y +4
This is a function of x, so f has 5x— 4 =3y
an inverse.
5x — 4
-5 =y
£ =7 3
This is a function of x, so f has
an inverse.
5x — 4
) =
6l. fx) =(x+3)%x=2-3=y=0 62. qlx) = (x — 52
y=@+3%x=>2-3,y20 y = (x — 5)?
x=(+3%y=2-3x20 x=(y—5)p
ﬁ:y+3,y2—3,x20 +Jx=y—95
y=\/);—3,x20,y2—3 Si\/;c=y
This is a function of x, so f'has an inverse. This does not represent y as a function of x, so g does not
ffl(x) _ \/; 3220 have an inverse.
_Jx+3,x<0 ==, x<0
63. f(x)_{6—x,x20 64'f(x)_{x2—3x, x>0
4t
2t
B Ly A
-2+
—4+

The graph fails the Horizontal Line Test, so f(x)

) The graph fails the Horizontal Line Test, so f
does not have an inverse.

does not have an inverse.

4

65. hx) = —— 66. f(x) = |x -2, x<2=y20
X
=lx—2,x<2,y20
The graph fails the Horizontal Line Test vy =k x Y
so h does not have an inverse. x=ly—-2,y<2,x20

x=y—2o0o —x=y—2
2+x=y or2—x=y

The portion that satisfies the conditions y < 2and x = 0
is 2 — x = y. This is a function of x, so f has an inverse.

fflx)=2—-xx20
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3
67.f(x)=\/2x+3:>x2—5,y20

y=\/2x+3,x2—§,y20
3
x=\/2y+3,y2—5,x20
3
x2=2y+3,x20,y2—5
X2 =3 50 v > 3
= x> > —=
) Y=

This is a function of x, so f has an inverse.

x>=3

, x>0

S0 =
In Exercises 69-74, f(x) = ix -3, flx) =

69. (f' g™ )(1) =f Mg (1)
= (Y1)
=8(¥1+3)=32

71 (f 1o f71(6) = f1(f71(6))
=f71(8[6 + 3])
= 8[8(6 + 3) + 3] = 600

73, (f o g)x) = flgx) = f(¥¥) = g* — 3
y=g =3
x=g* =3
x+3= §y3
8(x +3) =y
JBx+3) =1y

(fog) ') =2x +3

In Exercises 75-78,f(x) = x + 4, f7'(x) =x — 4, gx) = 2x — 5, g7 (x) =

75. (g7 e f ) = g7 (f 1)
=g 'x—4)

=4 +5
- 2

x+ 1
2

f)=Vx—2=x2=22,y20
y=JVx—2,x22,y20
X=Vy—2,y22,x20

x>=y—=2,x>20,y=2

68.

xX>+2=y,x=20,y=2
This is a function of x, so fhas an inverse.

fix)=x24+2, x>0

8(x + 3), glx) = x3, g7 (x) = ¥x.

70. (g7 f)E3) =g (F7(=3)

=g '(8(=3+3))
=g (0)=¥0=0

72. (g'e g )(=4) =g (g7'(—4)
= ¢ '(Y~4)
- Y¥a=9a

74. g7 lo f7 = g7 (F'(v)

=g '(8(x +3))
=J8(x + 3)
=2Yx+3
x+5
>
76. (f7 og7 ) = f(g7'() 77. (f < 8)x) = f(gx)
(x+5 =f(2x = 5)
=512 :
( 2 ) =2x—5 +4
Sy =21
2
x+5-8 (fog)"(x)=x;rl
2
Note: Comparing Exercises 75 and
_x-3 77, we see that (fog) '(x) =
2 (g7 e f ).
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78. (g < f)x) = g(f(x))
=glx+4)
=2(x+4) -5
=2x+8—15
=2x+3

y=2x+3
x=2y+3
x—3=2
x—3
y Y
(o) =52

80. (a) Yes, f ! exists.

(b) f! represents the time in years for a given total sales.

(c) £7'(1825) = 10

(d) No. f~" would not exist since f(12) = 2794 and
f(14) = 2794. The function would fail the Horizontal

Line Test.
82. (a) y =28+ 0.75x
x =8+ 0.75y 2225 -8
©r="07
x — 8 =0.75y ’
x—8
075 °
.- _x- 8
S0 =035

83. (a) y = 0.03x> + 245.50, 0 < x < 100
= 245.50 < y < 545.50
x = 0.03y* + 245.50
x — 245.50 = 0.03y?

X — 24550
0.03

x — 245.50
JETER00 ) 4s, 45.
s y, 245.50 < x < 545.50
L [x— 24550
) 0.03

2

x = temperature in degrees Fahrenheit

y = percent load for a diesel engine

79. (a) £7'(108,209) = 11

81.

(b) f! represents the year for a given number of house-
holds in the United States.

(c) y = 1578.68t + 90,183.63
(d) y = 1578.68¢ + 90,183.63
t = 1578.68y + 90,183.63

t— 90,183.63 _
1578.68 Y
() = L7 9018363

1578.68
(e) f(117,022) ~ 17
(f) £71(108,209) ~ 11.418

This is close to the value of 11 in the table.

(a) Yes. Since the values of fincrease each year, no two
[f-values are paired with the same 7-value so f does
have an inverse.

(b) f~! would represent the year that a given number of
miles was traveled by motor vehicles.

(c) Since f(8) = 2632, f~1(2632) = 8.

(d) No. Since the new value is the same as the value
given for 2000, f would not pass the Horizontal Line
Test and would not have an inverse.

(b) x = hourly wage, y = number of units produced

= 19 units

(b) 100

0

(c) 0.03x% + 245.50 < 500
0.03x? < 254.50

2

IA

x> < 8483.33
x < 92.10

Thus, 0 < x < 92.10.
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84. (a) x = 125y + 1.60(50 — y) ® 0<y<50
_ 80 — x
x = 125y + 80 — 1.60y < <
0= 035 ~ >0
* — 80=-035 0<80 —x<175
x—80:y —-80 < —x < —625
—-0.35
62.5 < x <80
_ 8 80 — 73
Y 0.35 () 035 = y = 20 pounds of the less expensive ground beef
x = total cost
y = number of pounds of less
expensive ground beef
85. False. f(x) = x?is even and does not have an inverse. 86. True. If £(x) has an inverse and it has a y-intercept at
(0, b), then the point (b, 0) must be a point on the graph
of £ 1(x).
87. Let (fog)(x) = y. Then x = (fg)~!(y). Also, 88. Let f(x) be a one-to-one odd function. Then f~!(x) exists

and f(—x) = —f(x). Letting (x, y) be any point on the

(fe)l) =y = flel) = graph of f(x) = (—x, —y) is also on the graph of f(x)

) =f(y) and f'(—y) = —x = —f7!(y). Therefore, f ~'(x) is also
x =g 1(f7(y) an odd function.
x= (g7 o f)(y).
Since f and g are both one-to-one functions,
(feg) ' =g 'of
89. x| 1]3]4]6 20 X 2| -1]1]3
fl1|12)6|7 fx) | =5 =223
x 12|67 X =51 =223
)13 4]6 '@ | =2 -1 [1]3
8+ ST
pul
61 37
21
4+ 14+
2 -5 4 -3 ?]0 N
ol
2 4 6 8 ' =37

Nt 213 |4
fle |o | —2| -3
x 3| 210 |6
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92'x 4| -2]10]|3

f) (3 |4 |0 -1

The graph does not pass the Horizontal Line Test, so f~!(x) does not exist.

93. If f(x) = k(2 — x — x°) has an inverse and 9. f(x) = k(x> +3x — 4)
f71(3) = —2, then f(—2) = 3. Thus,

[(=2) =k2 - (=2) = (=2 =3
K2+2+8)=3

y =k + 3x —4)
x=k(y>+3y—4)
=5 =k[(2) +3(2) — 4)]

12k = 3
A —51=10k
So, k = 3. 2=k
95. x2 =64 96. (x — 5)> =8 97. 4x> — 12x +9 =0
x=+./64 = +8 x—5=+./8 (2x —3)? =
x=5+2J2 2x—3=
=3
98. 9x2+ 12x +3 =0 99, X2 —6x+4=0 Complete the square.
Ox +3)x+1)=0 X2 —6x=—4
9x+3=0=>x=*% X2—6x+9=—-4+4+9
x+1=0= x=—1 (x—3)2=5
x—-3=+./5
x=3+ .5
100. 22 —4x—6=0 101. 50 + 5x = 3x2 102, 2x2 + 4x — 9 = 2(x — 1)?
202 —2x—3) =0 0 =3x*—5x — 50 22+ 4x —9=2(x>—2x+ 1)
20+ Dx —3) =0 0= (x+ 10)(x — 5) 2%+ 4x =9 =2 —4x + 2
x+1=0=x=-1 B+ 10=0= x=—% Bx—11=0
x—3=0= x=3 x— 5=0=x=5 8’“:1111
x=7

103. Let 2n = first positive even integer. Then 2n + 2 = next positive even integer.
2n(2n + 2) = 288

4n> + 4n — 288 =0

4> +n—-72)=0

4n+9)mn—-8) =0

n+9=0= n= -9 Nota solution since the integers are positive.
n—8=0=n=28

So,2n = 16 and 2n + 2 = 18.
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101

104. Given h = 2band A = 10

A = ibh
10 = 3b(2b)
10 = 1?

V10 =band h = 2b = 210

The base is /10 feet and the height is 2./10 feet.

Section 1.10 Mathematical Modeling and Variation

You should know the following the following terms and formulas.

Direct variation (varies directly, directly proportional)

(@) y = kx (b) y = kx" (as nth power)
Inverse variation (varies inversely, inversely proportional)
(@) y=k/x (b) y = k/(x") (as nth power)

Joint variation (varies jointly, jointly proportional)
(a) z = kxy (b) z = kx"y™ (as nth power of x and mth power of y)
k is called the constant of proportionality.

Least Squares Regression Line y = ax + b. Use your calculator or computer to enter
the data points and to find the “best-fitting”linear model.

Vocabulary Check

1. variation; regression 2. sum of square differences 3. correlation coefficient
4. directly proportional 5. constant of variation 6. directly proportional
7. inverse 8. combined 9. jointly proportional

1. y = 1767.0t + 123,916 Y

] 145,000
Year | Actual Number Model 32@ 140,000
(in thousands) | (in thousands) g § 135.000
1992 128,105 127,450 gg oo
§ 125,000
1993 129,200 129,217 ,
2 4 6 8 10 12
1994 131,056 130,984 Year (2 ¢5 1992)
1995 132,304 132,751 The model is a good fit for the actual data.
1996 133,943 134,518
1997 136,297 136,285
1998 137,673 138,052
1999 139,368 139,819
2000 142,583 141,586
2001 143,734 143,353
2002 144,863 145,120
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t
0 8 16 24 32 40 48 56
Year (0 <> 1950)

2.
B
g
£
Py
E
o
g
=z

4.

The line appears to pass through
(2, 5.5) and (6, 0.5), so its equation

isy=—3x

7. (a) and (b)

240
220
200
180
160

Length (in feet)

140

12 36 60 84

y=t+

8. (a) and (b)

Total revenues
(in millions of dollars)

3000 -
2500
2000
1500
1000

500

+ 8.

Year (12 <> 1912)

Year (5 <> 1995)

108

1

130

y
e e B e e
5 7 9 11 13

The model is not a “good
fit” for the actual data. It
appears that another type
of model may be a better
fit.

Using the points (0, 3) and (4, 4),
1
we have y = zx + 3.

5. 6.
5 5
4 i
)\ 3A/
2 —
1 "
EERE RS R

Using the points (2, 2) and (4, 1),

The line appears to pass through
_ 1
we have y = —3x + 3.

(0, 2) and (3, 3) so its equation is
1
y=73x+2

(c) y = 1.03t + 130.27

(d) The models are similar.

(e) When t = 108, we have:
Model in part (b): 238 feet
Model in part (c): 241.51 feet

(f) Answers will vary.

(b) The line appears to pass through (7, 1151.6) and
(10, 1906.0), so the equation is about y = 251.5x — 609.

(c) y = 251.56x — 608.79

(d) Answers will vary.

(e) Using the model in (b), y = 251.5(15) — 609 = $3164.6 million.
Using the model in (c), y = 251.56(15) — 608.79 = $3165.2 million.

(f) Answers will vary.
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9. (a) and (c)

800 800

5l——— e e |4 5

0 0

14

The model is a good fit to the actual data. (r = 0.98)

(b) S =384t + 224

(d) For 2005, use t = 15: § = $800.4 million
For 2007, use t = 17: S =~ $877.3 million

(e) Each year the annual gross ticket sales for Broadway
shows in New York City increase by approximately

$38.4 million.

11. The graph appears to represent y = 4/x, so y varies

inversely as x.

10. (a) y = 0.4306x + 67.708

12.

(b) O

60 |- . . -« <90
90

The model is a good fit to the data. (r = 0.97)
(c) y = 0.4306(90) + 67.708 = 106.5 million

(d) For every increase of one million households with
cable TV, there is a 0.43 million increase in the
number of households with color TV.

The graph appears to represent y = %x which is a direct

variation.

13. k=1
X 214 |6 8 10
y=k* |4 |16 |36 | 64 | 100
100+ °
80+
60+ ®
404 o
204 N
> 4 6 & 10
_ 1
15. k=3
x 2 14|16 |8 10

y=hk |2 |8 |18 |32 |50

50+ L]

40+

30+

20+

14. k=2
X 21 4 6 8 10
y=kx* | 8|32 | 72 | 128 | 200
200 + [ ]
160 +
120+ ®
801 °
40+ .
? t t x
2 4 6 8 10
16. k=1
x 214168 10
y=kx* | 1|4 |9 |16 | 25
25+ °

SR ]

t t
4 6 8 10
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17. k=2
x 214]6 |8 |10
_k o1
YTl 28183250
|
2+ e
4 1
10
31
10
21
1l °
10
D S
2 4 é é lr0
19. k = 10
x 2014]6 |8 |10
_k|S5|5|5 |5 | L
YT 2818132 |10

21. The table represents the equation y = 5/x.

23, y=k«
—7 = K(10)
7
A
10
_ 1
T

This equation checks with the other

points given in the table.

26. y = kx
14 = k(2)
7 =
y="Tx

27.

18. k=5
x 2014 |6 |8 |10
_k|s|s s s
Y72 4|16 | 36| 64| 20
3t e
A
31
%A,
1] [ ]
¢ .
Y e
2 4 6 8 10
20. k = 20
x 2| 4 8 | 10
_k g5 )s s L
YT R 4 6|5
54+ [ ]
A
34
. °
N Y
2 4 6 8 10

22. The table represents the equation y = %x.

k
y=X
X
2=k
5
120 = k

Thus, y = 120/x. This equation
checks with the other points given
in the table.

28. y=kx
2050 = k(10) 580 = k(6)
205 = k 2=

3 =

y = 205x y:%x

25.

y = kx
12 = k(5)
12
— =k
5

12
y= 5x

29. I = kP

87.50 = k(2500)
0.035 =k
I =0.035P
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30. I = kP
187.50 = k(5000)
0.0375 =k
I =0.0375P
33. y = kx
5520 = k(150,000)
0.0368 =k
y = 0.0368x

y = 0.0368(200,000)
= $7360
The property tax is $7360.

36. d=kF
0.12 = k(220)
=5 =k

d = 55F
0.16 = 25F

880

3 =

The required force is 293% newtons.

39. A = kP 40. V = ke’
— 24,3 k
4. 7 = k3 45. P = —
%

49. A = bh

The area of a triangle is jointly
proportional to its base and height.

52. V= mr’h

The volume of a right circular
cylinder is jointly proportional to
the height and the square of the
radius.

31.

34.

37.

50.

53.

y = kx
33 = k(13)
33
3=k

33
Yy =1

When x = 10 inches,
y = 25.4 centimeters.

When x = 20 inches,
y = 50.8 centimeters.

y = kx
10.22 = k(145.99)
0.07 = k
y = 0.07x
y = 0.07(540.50)
y = 37.84

The sales tax is $37.84.

d = kF
1.9 = k(25) = k = 0.076
d = 0.076F

When the distance compressed is
3 inches, we have

3 = 0.076F
F =~ 39.47.

No child over 39.47 pounds should
use the toy.

k
41. y = ;
46. R = KT —T) 47.
S = 47r?

The surface area of a sphere
varies directly as the square of
the radius r.

r=-

t
Average speed is directly
proportional to the distance and
inversely proportional to the time.

4. h=—

_ km,m,

32 y=k
53 = k(14)
53
=k
_ 53
y =X

5 gallons: y = 33(5) = 18.9 liters
25 gallons: y = 33(25) = 94.6 liters

35. d=kF
0.15 = k(265)
3
5300 = k
d = 55F

() d = 5355(90) = 0.05 meter
(b) 0.1 = 5355F

30

N=F

F = 176% newtons

38. d = kF
1 = k(15)
k=5
d=15F
2= P

F = 60 1b per spring
Combined lifting force = 2F

120 1bs

K 43. 7 =8
s z

: 48. R = kS(S — L)
p

51V =3m?

The volume of a sphere varies
directly as the cube of its radius.

kg
w

54, w =

w varies directly as the square root
of g and inversely as the square
root of W. (Note: The constant of
proportionality is \/l;)
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k
55, A= kP 56. y=- 57. y=- 58. 7= kxy
97 = k(3)? i ; 64 = k(4)(8)
3= _ %
7=k 25 ! 4 2=k
A = ar? 75 =k 28 =k z=2xy
_5 _28
Y X = X
kx kx?
59. F = krs® 60. pP=— 61. 7=—
y y
j— 3
4158 = k(11)(3) 28 k42) . k(6)?
k=14 3 9 4
F = 14rs® 2 81 _ 24 _,
342 36
2
227 =k
=k
3 3
2/3x>  2x?
18 = k L= B _ 22
y 3y
_ 18x
P = ?
k
62. v=-21 63. d=h? 64. d = kv?
N
1\2 P )
o M43 0.00 = k(z) If the velocity is doubled:
T (12)e o d = k(2v)?
(1.5)(1.44) _ ' ' , d=k-4v?
4.1)6.3) d =032 ey
216 0.12 = 0.3212 LA
= =k kv?
25.83 , 012 3
24 Ve = 032 8 d ilncr.eas.esdby l2)11fa(11(:tor of 4 when
= = velocity 1s doubled.
287 NN _ Y
y=——-=—=0.61 mi/hr
b 24pg 272 4
28752
kl 2 .
65. r= X’ A=mrt=— 66. From Exercise 65:
4kl k=573 x1078.
P
md? 4(5.73 x 108l
PR o
2
6.1 — 1000k md
. - 0.0126)2 —
m{*5) go [Hs73 00
k=573 x1078 m
-8
4(5.73 % 10-9)1 go JHE73 <10 )(14)
r= (0,0125)2 7(0.05)
12
s 4(5.73 x 1079)1 d = 0.0045 feet = 0.054 inch

oy

33.5m(%5°)
4(5.73 x 10°9)

[ = 506 feet

[
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67. W = kmh
2116.8 = k(120)(1.8)

2116.8
k= (120)(1.8) o8
W = 9.8mh

When m = 100 kilograms and # = 1.5 meters, we have
W = 9.8(100)(1.5) = 1470 joules.

k
69. v ="~
V7 A

_k f4<k>
V70754 3\A

The velocity is increased by one-third.

70. Load = kv

kQw)d®  kwd?
2 !

(a) load =

The safe load is unchanged.

k2w)(2d)?  dkwd?
21 [

(c) load

The safe load is four times as great.

a

71. (a)

2T °
°
L °

Temperature (in °C)

+—
2000

+—
4000
Depth (in meters)

+ d

d\2
68. P =kA = k(mr?) = kﬂ(5>
9 2
8.78 = k| —
”(2)

4(8.78)
81
k =~ 0.138

However, we do not obtain $11.78 when d = 12 inches.

12)\2
P =0.138m 5 ~ $15.61

11.78
Instead, k = —— = 0.104.
nstea 67
. . 4(14.18)
For the 15-inch pizza, we have k = =~ 0.080.
225

The price is not directly proportional to the surface area.
The best buy is the 15-inch pizza.

_ k(w)(2d)* _ Skwd®

b) load
(b) loa ! /

The safe load is eight times as great.

_ kw(d/2? _ (1/4)kwd?

d) load
(d) loa / !

The safe load is one-fourth as great.

(b) Yes, the data appears to be modeled (approximately) by the inverse proportion model.

42 = d 1.9 = ky 14 = ks
“ 71000 72000 73000
4200 = k, 3800 = k, 4200 = ky

—CONTINUED—

2 = ks 0.9 = ks
"~ 4000 75000
4800 = k, 4500 = ks
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71. —CONTINUED—

+ + + +
() Mean: k = 4200 + 3800 42500 4800 + 4500 _ 4300, Model: C = 43;;)0
4
@ @ 3="20
d
4300 1
d= 3 - 14333 meters
0 ————————16000
0
262.76 k
72. (a) y 73. y = 2 74. 1 = P
7
7 6 (a) o2 When the distance is doubled:
£33
2E kk
=80 (22 4d”
! - P N The illumination is one-fourth as
24680012 0 great. The model given in Exercise
Force (in pounds) 73 is very close to I = k/d>.
(b) It appears to fit Hooke’s Law. (b) y = 262.76 The difference is probably due to
(25)>1 measurement error.
6.9
k= 12~ 0.575 =~ ().2857 microwatts per sq. cm.
(¢) y =kF
9 = 0.575F
F = 15.7 pounds
75. False. y will increase if k is 76. False. E is jointly proportional (not 77. False. The closer the value of |r| is
positive and y will decrease “directly proportional”) to the to 1, the better the fit.
if k is negative. mass of an object and the square

of its velocity.

78. (a) The data shown could be represented by a linear model which would be a good approximation.

(b) The points do not follow a linear pattern. A linear model would be a poor approximation.
A quadratic model would be better.

(c) The points do not follow a linear pattern. A linear model would be a poor approximation.

(d) The data shown could be represented by a linear model which would be a good approximation.

79. The accuracy of the model in predicting prize winnings is 80. Answers will vary.
questionable because the model is based on limited data.

81. 3x + 2 > 17 82. - 7x+10< -1 +x
3x > 15 —8x < —11
x>5 xZ%

et . 11
3 4 5‘6 7 8 9 N ' §' X
b =
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83. [2x — 1] <9 84. |4 —3x| +7 =12
-9<2x—1<9 |4 —3x| =25
-8 <2x< 10 4—3x< -5 or 4—3x2
—4<x<5 —3x< -9 or —3x 2
ey x =3 or xs—%
-4-3-2-1 0 1 2 3 45
-3
. C X
3 = -
-2 -1 0 1 2 3 4
245 x> +10, x= =2
5. = . — >
8. fl0 =73 86. 1) {6x2—1, x< -2
0>+5 5 a -2)=—(—2P%+10=—-4+10=6
(a)f(o):o_?’:_g ()f( ) ( )
® f)=—-(1P+10=-1+10=9
— 2+
(b) f(—=3) :(3)75: ﬁz 7 (c) f(—8) =6(—8)?>—1=2384—1=2383
-3-3 -6 3
42 +5
© f@="7—5=21

87. Answers will vary.

Review Exercises for Chapter 1

1 > 2. 1
® 6 6
4 4t
2 [ ]
24+
t t t + t t t X °
-6 -4 -2 2 4 6 8 —+—t—F—F—F+—+—x
-2 -4 -2 2 4 6 8
4 N -2 [
-6 -4
[ ]
-8 -6
3. x > 0and y = —2 in Quadrant IV. 4. y > 0 in Quadrants I and II.
5. (a) y 6. (a) Y
(=3,8) (-2.6)@ 6
e 8 AN
e (1,5) 2"\\
4+ ) \ ) .
4 24 6
24 ol N
®4,-3)
i i ' i x —4
-4 =2 2 4
b d=JV(=3-12>+08-52=J/16+9=5 b) d= V(=2 —4)*+ (6 + 3)?

= V36 + 81 = V117 =313

. —24+46—3\ 3
(©) M1dp01nt.< D) )—(1,2)

. -3+18+5\_ ( 13
(c) Mldpomt.( ) >—( 1,2>
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7. (a) y

—t &+ x
-2 2 4 6

() d= /(5.6 -0+ (0—82)7?
= V3136 + 67.24 = J/98.6 = 9.9

(c) Midpoint: (0 +25'6, 8'2; 0> =(2.8,4.1)

9. 4-2,8-3)=(,9
(6—-2,8—-3)=1(4,5)
4-2,3-3)=1(,0)
6-2,3-3)=1(4,0)

10. Original: (0, 1), (3, 3), (0, 5), (=3, 3)

8. (a) y

(®) d= V(0 + 3.6)> + (=12 — 0)?
V144 =338

© (O —36 -12+0
2 2

) =(-1.8,-0.6)

New: (0 —4,1+5),3—-43+5),(0-4,5+5),(-3-4,3+5)=(-4,6),(—1,8),(—4,10),(-7,8)

11. (2001, 539.1), (2003, 773.8)

<2001 + 2003 539.1 + 773.8
2 ’ 2

> = (2002, 656.45)

In 2002, the sales were approximately $656.45 million.

13. %wﬁ = 47,712.94

L /41,712.94(3)
4 47

r = 22.5 centimeters

14. (a) S T

I— w —>

12. (a)

Apparent temperature (in °F)

65 70 75 80 85 90 95 100
Actual temperature (in °F)

(b) Change in apparent temperature = 150°F — 70°F
= 80°F

®) V=1-w-h
2304 = (3w) - w - (3w)
2304 = w3
512 = w?
8 =w = w = 8inches
[ = 3(8) = 24 inches
h = 3(8) = 12 inches
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15. y=3x -5 16. y = —3x +2 17. y = x> — 3x

x| =2 |—-1(0 |1 |2 x| —4|-210(2]|4 x| —-1]0|1 |2 |3]|4

y | —11]-8|-5|-21]1 y|4 |3 (210 y|4 |0]—-2|-2]0]|4

18. y=2x>—-x-9

y |1 6| -9 | -8 -3]6
19. y —2x—3=0 20. 3x +2y +6=0 2. y= V5 —x
y=2x+3 2y=—-3x—6 Domain: (—oo, 5]
Line with x-intercept (—%, 0) and y = —%x -3

x|5|4|1|—4

y-intercept (0, 3)

Line with x-intercept (—2, 0) and

y y-intercept (0, —3) y|0j1]2|3
y
6+
st
7 T
—
.l
—+—+ X
-2 -1 1 1 2 3 4 5 6
24
22. y = /x + 2, domain: [—2, c0) 23. y+2x2=0 24. y = x> — 4x is a parabola.
y = —2x?is a parabola.
x | =2 |0 2 |7 x|—110]1 2 3 4
y |0 V2|23 x| 0] x1 | %2 y|5 o] -3|-4]-3]0

ylo|-2]-8
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25.

y=2x+17

x-intercept: Lety = 0.

y-intercept: Let x = 0.

26.

y=|x+1] -3
0=|x+1] -3

Forx+1>0,0=x+1—-3,0r2=x.

Forx+1<0,0=—-(x+1)—3,or—4=x

y=|lx+1] -3
y=|0+1|—30ry=—2

y=20)+7 The x-intercepts are (2, 0) and (—4, 0);
y=7 the y-intercept is (0, —2).
(0,7)
27.y=(x— 32— 4 28. y = xJ/4 — 22
x-intercepts: 0 = (x —3)> —4 = (x —3)> =4 x-intercepts: 0 = x/4 — x2
= x—3=%2 x=0 JV4-2=0
= x=3x2 4-x2=0

x =2
(0,0),(=2,0), (2,0)
y-intercept: y=0- /4 —-0=0

= x=5 o x=1
y-intercept: y = (0—3)? -4 = y=9—-4 = y=35

The x-intercepts are (1, 0) and (5, 0).
The y-intercept is (0, 5).

(0,0)

29. y=—4x + 1 ’
Intercepts: (3, 0), (0, 1) \
y=—4(—x) + 1 = y = 4x + 1 = No y-axis symmetry

1
= — + = — —axi S — ——t—t>x
y 4x + 1 = y = 4x — 1 = No x-axis symmetry S N
—y=—4(—x) + 1 = y = —4x — 1 = No origin symmetry )
-3
—4
30. y=5x—6 3. y=5—x*

Intercepts: (£, 0), (0, —6) Intercepts: (++/3,0), (0, 5)

No symmetry y=5—-(-x? = y =5 — x> = y-axis symmetry

y —y=5—-x* = y=—5+ x> = No x-axis symmetry

lﬂ‘t /
+—+ y + x

e —y=5—(—x?>=y = —5 + x> = No origin symmetry
-2 -1 2 3 4 5 6

y
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2. y=x>-10 3B.y=x*+3
Intercepts: (i J10, O), (0, —10) Intercepts: (—\3/§, O), (0, 3)
y-axis symmetry y=(=xP}+3 = y=—x+3 = No y-axis symmetry
y —y=x+3 = y=—x* — 3 = No x-axis symmetry

—-y=(-xP+3 = y =x*—-3 = No origin symmetry

i 24
.
-4 -3 72[ | 1 2 3 4
4. y=—-6 —x3 35, y=Vx+5
Intercepts: (\3/ —6, 0), (0, —6) Domain: [—5, c0)
No symmetry Intercepts: (—35, 0), (0, ﬁ)
Y y =V —x+ 5 = No y-axis symmetry
\ T —y=JVx+5 = y=—-x+5 = No x-axis symmetry
-6 | —-y=J—x+5 = y=—/—x+5 = No origin symmetry
7]
_8 6
54
—10+
N
1
Ny
—t—t—>x
-6 -5 -4 -3 2 71710 1 2
36. y=|x| +9 37. 2+ y*=9 38. 2+ y2=4
Intercepts: (0, 9) Center: (0, 0) Center: (0, 0)
y-axis symmetry Radius: 3 Radius: 2

-9 -6 -3 36 9
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39.

42,

4.

45.

(x+22+y=16 40. 2 + (y — 82 = 81 4. (Y +(+12=36
(x— (=22 + (y — 0> = 4 Center: (0, 8) -+ -(nr=¢
Center: (—2,0) Radius: 9 Center: (3, —1)
Radius: 4 y Radius: 6

4 6 810

2
(x+42+(y - %) =100 43. Endpoints of a diameter: (0, 0) and (4, —6)

(x = (=4)* + (y - 3)2 =100 Center: (&24, O%(_% =(2,-3)

2
3
ter: | —4, =
Center ( 2)

Radius: 10

Radius: r= /2 - 02+ (-3 -02= J/4+9= /13
Standard form: (x — 2)?2 + (y — (=3))> = (\/ﬁ)2
(x =22+ (y+32=13

Endpoints of a diameter: (—2, —3) and (4, —10)
—-2+4 -3+ (—10)) _ (1 72)

2 2 2

Radius: r = \/(1 - (=2)% + (—% - (—3))2 = \/94-7% = %

Standard form: (x — 1)2 + <y - (_E))Z _ ( 85)2

Center: <

2 4
13\>2 85
—1 2 + + = ==
- (y e B8
F=30<x<20 46. (a) N
(a) § 1800
x| 0]4]8 | 12|16/ 20 Z 1600
gf: 1400
F|O|5|10]| 15| 20|25 ; 1200
E 1000
(b) - § 800
301+ 4 6 8 10 12 !
a5l Year (4 <> 1994)
204
154 (b) z = 9.94; The number of stores was 1300 in 2003.

Force (in pounds)

—t—t—+—+—
4 8 12 16 20 24
Length (in inches)

(¢) When x = 10, F = % = 12.5 pounds.



Review Exercises for Chapter 1

115

47. y =06

50.

53.

Horizontal line, m = 0
y-intercept: (0, 6)

y

Ml
44
24
. s
-4 -2 2 4 6
a4
y=—-10x +9

Slope: m = —10
y-intercept: (0, 9)

y

(—45,6), (2.1,3)
. 3-6
T = (—45)
-3 30 s

T 66 66 11

y

gt
(-4.5,6)
\I\G»
(2.1, 3)
2 <\

I | bt
-6 -4 -2 2 4 6
s

4+

48. x = -3
Slope: m is undefined.

y-intercept: none

y

—_ oW A
PN
—t—+—+

51. (3,—4),(=7,1)

_1-(=4_ 5
-7-3 —10
4t

54. (—3,2),(8,2)

2—-2 0
m= ==
—-3-8 —11

y

g4

64

s
(-3,2) (3,2)
I R

-2+

-4+

49. y=3x+ 13

52.

55.

3
Slope: m =3 =73
y-intercept: (0, 13)

y

(—1,8),(6,5)
5—-8 3

m=-—-= ——

6—-(-1) 7

4
21
w2 | 246
]
3
0, =5),m =7
3
y=(=5) =2 =0)
3
y+5=§x
3
y=§x—5
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56. (—2,6),m =0 57. (10, =3),m = —3 58. (—8, 5), m is undefined.
y—6=0x—(-2) y = (=3) = —3(x — 10) The line is vertical.
y—6=0 y+3=-x+5 x=-8

y=6 y= —%x+2 ¥
y y 8T
61
10+ 6+ =35 4t
1 21
(=2,6) — M —
—12-10 | -6 -4 2 24
x 24
4+
4t
2+ 6+
e — bt gt
—6 -4 -2 2 4 6
oy
59. (0,0), (0,10)
10-0 10
m= 0=0 = H, undefined
The line is vertical.
x=0
60. (2,5), (=2, —1) 61. (—1,4),(2,0) 62. (11,—=2),(6, —1)
m— _L-5_-6_3 m—_0—4 _ 4 me -2 1
-2-2 -4 2 2—(=1) 3 6 — 11 5
3 _ 4 (- ey = Y
y=5=3-2) y—4= 36— (1) y = (=) =~k = 1)
2y —10=3x—6 4 4 Sy +10 = —x + 11
y—4= —gx 3
2y =3x+ 4 Sy=—-x+1
4 8
3 y=-—>x+2 1
= — fJ——— +7
y 2x+ 2 3 3 y 5x

63. Point: (3, —2) 64. Point: (—8,3), 2x + 3y =5
S5x—4y=8 = y=3x—2andm =2 3y =5—2x
(a) Parallel slope: m = % y= % - %x

y—(=2)=2(x-3) (a) Parallel slope: m = —3
NP N =3+
y=%x—27? 3y—9=-2x—-16
(b) Perpendicular slope: m = —% 3y=—-2x—17
y = (22) = =5 = 3) T
y+2= —%x + % (b) Perpendicular slope: m = %
y=—%x+% y - =%(x+8)

2y —6=3x+24
2y = 3x + 30
y=%x+15
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65.

67.

69.

71.

73.

74.

(6,12,500) m = 850 66. (6,72.95),m = 5.15
y — 12,500 = 850(¢ — 6) V — 7295 = 5.15(t — 6)
y — 12,500 = 850t — 5100 V —17295 =5.15t — 309
y =850r + 7400, 6 <r <11 V=>515t+4205 6<t<11
l16x — y* = 68. 2x —y—3=0
¥t = 16x 2x—3=y
y=+2%x Yes, the equation represents y as a function of x.

No, y is not a function of x. Some x-values correspond to
two y-values.

y=Vv1l—x 70. |y| = x + 2 corresponds toy = x + 2 or —y = x + 2.
No, y is not a function of x. Some x-values correspond

Yes. Each x-value, x < 1, corresponds to only one y-value
to two y-values.

so y is a function of x.

2x+1, x< —1
f = o =27 15T
(@ fQ)=@2PF+1=5
b) f(—4)=(—42+1=17
©fBA)=0¢)>P+1=1t*+1

(@ h(=2)=2(-2)+ 1= -3
) h(=1) =2(-1) +1=—1
© h(0)=0+2=2

@ fe+1)=(@+172+1 (d h2)=22+2=6

=12+ 2t +2
fx)= V25 — 2 y
Domain: 25 —x22>20 10+

G+x)(5—-x=0
Critical numbers: x = £5

Test intervals: (—oo, —5), (=5,5), (5, c0)

Test: Is 25 — x%2 = 0?

Solution set: —5 < x <5

Thus, the domain is all real numbers x such that =5 < x < 5,or[—5, 5].

F) = 3x + 4 75 h(x) = 5——— 76. h(t) = |r + 1|
x¥*»—x—6
Domain: all real numbers X Domain: all real numbers

T+ 2k -3)

y y

Domain: All real numbers x
exceptx = —2,3
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77. v(t) = —32t + 48
(a) v(1) = 16 feet per second
(b) 0 = —32r + 48
t =3, = 1.5 seconds

(c) v(2) = —16 feet per second

78. (a) Model: (40% of (50 — x)) + (100% of x) = (amount of acid in final mixture)
Amount of acid in final mixture = f(x)

f(x) = 0.4(50 — x) + 1.0x = 20 + 0.6x

(b) Domain: 0 < x < 50 (c) 20 + 0.6x = 50%(50)
Range: 20 < y < 50 20 + 0.6x = 25
0.6x =5

x = 81 liters

79. f(x) =2x*>+3x— 1
[+ h) = flx) _ Rx+h)?>+3x+h)—1]— 22 +3x—1)
h h

22+ 4xh + 2R +3x +3h— 1 = 2x* = 3x + 1
a h

_ h(4x + 2h + 3)
- h

=4x+2h+3, h#0

80. fx) =x3 =522+ x
fae+n=x+hn>—-5x+n>+x+hn

=x3+ 3x2h + 3xh®2 + h® — 5x> — 10xh — 5h2 +x + h

f(x-‘rh)—f(x)=x3+3x2h+3xh2+h3—5x2—10xh—5h2+x+h—x3+5x2—x
h h

_ 3x2h + 3xh®> + h® — 10xh — Sh®> + h
h

_ h(3x> + 3xh + ? — 10x — 5h + 1)
h

=3x2+3xh+h>—10x—5h+1, h#0

81. y = (x — 3) 82. y= -3 —2x+1
The graph passes the Vertical Line Test. y is a function A vertical line intersects the graph no more than once,
of x. so y is a function of x.

83. x—d4 =)y 84. x = —|4 —y|
The graph does not pass the Vertical Line Test. y is not a A vertical line intersects the graph more than once,

function of x. so y is not a function of x.
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85. f(x) = 3x% — 16x + 21
3x2 — 16x+21 =0
Bx—7x—-3)=0

3x—7=0 or x—3=0
7
x=§ or x=3

88. f(x) = x> — x* —25x + 25
X3 —=x2—=25x+25=0
XPx—1)—-25x—1)=0
x—1DE*—25=0
x—1=0=x=1

X =25=0 = x =45

90. Increasing on (—2,0) and (2, oo)

Decreasing on (—oo, —2) and (0, 2)

91. f(x) = —x>+2x + 1
Relative maximum: (1, 2)

3

(1,2)

93. f(x) = x> — 6x*

Relative maximum: (0.125, 0.000488) =~

(0.1250, 0.000488)
0.25

-0.75 @

-0.75

95. f(x) = —x>2+8x — 4

f@-fO) _12- (4 _,
4-0 4

86. f(x) =5x2 + 4x — 1
5 +4x—-1=0
Gx—1Dx+1)=0

5x—1=0
x+1=0
89.

92.

9.

(0.13, 0.00)

96.

The average rate of change of f from x; = 0

tox, = 4is4.

8x + 3
87.f(x)—11_x
8x+3:
11 — x
1 8x+3=0
=>x—§
_ 3
= x=-1 * 8
f&) = |x| + |x + 1]

fis increasing on (0, co).
fis decreasing on (—oo, —1).

fis constant on (—1, 0).

fl)=x*—4x2 -2
Relative minimum: (—1.41, —6), (1.41, —6)

Relative maximum: (0, —2)

1

0,-2)

(-1.41,-6) -7 (1.41,-6)

f)=x —4x2+x—1
Relative minimum: (2.54, —7.88)
Relative maximum: (0.13, —0.94)

1 (0.13,-0.94)
-6 L 9

-9 (2.54,-7.88)

fO)=xr+12x—2,x, =0, x, =4
flx) — flx) _ f(4) — £(0)
X T X 4-0
_ 10— (=2) _ 112 _
= 4 =7 =28

The average rate of change from x = 0 to x = 4 is 28.
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97. fx) =2 — Vx + 1

[ =B _(2-V8)-@-2)
7-3 4

2-2/2 1-U2
4 2

The average rate of change of f from x;, = 3

tox, =7is (1 — /2)/2.

9. flx)=x>+4x—-7
F(=x) = (=2 + 4(=x) = 7
=—x>—4x—7
# f(x)
# —fx)

Neither even nor odd

98. fx) =1—-—Vx+3, x,=1, x,=6
f(xz) _f(xl) _ fle) — f(1)

X, — X 6—1

_2-(-)_-2+1_ 1
5 5 5

=-02
The average rate of change from x = 1tox = 6is —0.2.
100.  f(x) = x* — 20x?

f(=x) = (=0* = 20(=x)* = x* — 20 = f(x)

The function is even.

101, f(x) =2x/x2+ 3 102.  f(x) = J6x2
f(=x) =2(-=0)V(=x? + 3 f(=x) = J6(—x? = J6x2 = f(x)

= -2/ +3 The function is even.
=—f)
fis odd.

103. f(2) = —6,f(—1) =3 y 104. 7(0) = —5, f(4) = —8 y
Points: (2, —6), (— 1, 3) (0. —5). (4, —8) T
m=3-06_9 _ o875 _ 3

-1-2 -3 4-0 4
G320 N1 234
y=(=6) = =3(x - 2) > y—(—5)=—%(x—0)
y+6=-3x+6 -3
- 3
y=—3x yE TS
) = =255

105. f(x) =3 — x2 106. h(x) = x3 — 2 107. f(x) = —Vx
Intercepts: (0, 3), (+/3,0) v Domain: x = 0
y-axis symmetry B / Intercepts: (0, 0)

2 f T x[o] 1 | 4] 09
B ylo|-1]|-2|-3
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3 1
108. f(x) = Vx + 1 109. g(x) = = 110. g(x) = ——
X x+5
A No intercepts 7
34
Origin symmetry T
2+ 4+
/ x| =3|—-1]1][3 T
/ . vl =1 =331 -10 -8 -4 72720 2
2 -l 12
—44+
oy
—6+
Sx — 3, x> -1
111 f(x) = [x] — 2 112, g(x) = [x + 4] 113. f(x) = {—4x 45 xe<-—1

xX2=2, x< =2
114. f(x) =45, -2<x<0
8&x—5 x>0
y
8
6
4
2
S o |26 s

117. (a) f(x) = x?
(b) h(x) =x2—9

Vertical shift 9 units downward

115.

Common function: f(x) = x°

Horizontal shift 4 units to the left
and a vertical shift 4 units upward

—10+

(d) hlx) = f(x) =9

-12-9-6 -3 36 91215

116. The graph of y = /x was shifted
upward 4 units.
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118. (a) f(x) = »*

) h(x) = (x—2)+2
Horizontal shift of 2 units to the right; vertical shift
of 2 units upward

© Y

@ hlx)=fx—2)+2

120. (a) f(x) = |x]

(®) h(x) = |x+3| =5
Horizontal shift of 3 units to the left;
vertical shift of 5 units downward

(d) h(x) =f(x+3)—5

122. (a) f(x) = x3
(®) hx) = —-(x—-5°-5

Reflection in the x-axis; horizontal shift of 5 units to

the right; vertical shift of 5 units downward

d) hx) = —fx=5) =5

119. (@) f(x) = Vx
b) hix) = Vx—17

Horizontal shift 7 units to the right
©

.l h

2 4 6 8 10 12

(d) h(x) =flx=7)

121. (a) f(x) = »?

(b) hix) = —(x +3)> + 1
Reflection in the x-axis, a horizontal shift 3 units to
the left, and a vertical shift 1 unit upward

©

d) h(x) = —flx+3)+1

123. (a) f(x) = [x]

(b) h(x) = —[x] + 6
Reflection in the x-axis and a vertical shift 6 units
upward

(d) hlx) = =f(x) + 6
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124 (1) f(x) = Vx
b) hix) =—V/x+1+9

©

(d)

126. (a)
(b)

©

(d)

Reflection in the x-axis, a horizontal shift 1 unit to
the left, and a vertical shift 9 units upward

104
\
5«\
ol
I
hx)=—fx+1)+9
flx) = x?
hx)=—(x+1)32-3

Reflection in the x-axis; horizontal shift of 1 unit to
the left; vertical shift of 3 units downward

128. (a) f(x) = x3

(b)

(d)

T i Pe
h(x) = —fx+1) -3
hx) = —%x3

Reflection in the x-axis; vertical shrink (each y-value

is multiplied by 1)

h(x) = =3f()

125. (a) f(x) = |xf

(b) h(x) = =[x +4[ +6
Reflection in both the x- and y-axes; horizontal shift
of 4 units to the right; vertical shift of 6 units upward

©)

10+

v

@ h) = —f(~(x—4) + 6= —f(—x + 4) + 6

127. (@) f(x) = [+]

(b) h(x) = 5[x — 9]
Horizontal shift 9 units to the right and a vertical
stretch (each y-value is multiplied by 5)

©

[ g¢]

[ Ze]
[ o]
oot

[ 2]
X
6 .010 12 14
O
[ o]

(d) hx) = 5f(x = 9)

129. (@) f(x) = Vx
b) hix) = —2J/x— 4

Reflection in the x-axis, a vertical stretch (each

y-value is multiplied by 2), and a horizontal shift
4 units to the right

(©)

(@) h(x) = =2f(x — 4)
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130. (2) f() = |
(b) h() = x| = 1
Vertical shrink (each y-value is multiplied by %), vertical shift of 1 unit downward

(© @) h(x) = 5f(x) — 1

A 4
X
-3 -2 2 3

131 f(x) = 2% + 3, g(x) = 2x — 1 132, 700 = 2 — 4.g() = V3%
@ (f+e)=f)+gk)=x>—4+ /3 —x
O (f—90W =) —g)=x—-4-3—x

© (f)) =fWek) = (2 — 4)(V/3 - x)

@ (f+e@)=@+3) +2x—1)=x2+2x+2
® (f-ggh)=+3)—2x—1)=x2—-2x+ 4
© (f)x) = (2 +3)(2x — 1) =2x* — x> + 6x — 3

f _x2+3 . 1 __@_xz—4
@ (g)(x) = 5r—p Domain: x #3 @ ()t =5 = = x <3
133 f(x) = 5 — 3,8(x) = 3x + | 134. f() = — 4,g() = Ix + 7

135.

The domains of f(x) and g(x) are all real numbers.

@) (f°8)x) = flgx))

The domains of f(x) and g(x) are all real numbers.

@ (fe8)) = f(g(x)

=fBx + 1) =(¥x+7) -4
=iBx+1) -3 =x+7—4
=x+%*3 =x+3

=8 Domain: all real numbers

= 3

Domain: all real numbers

(b) (g °f)x) = g(fx))

I ey
® (g -1 = g(7() Wy
1 =3¥x3+3
= glsx - 3)
. Domain: all real numbers
=3(x-3)+1
=x—9+1
=x—8

Domain: all real numbers

h(x) = (6x — 5)3

Answer is not unique.

One possibility: Let f(x) = x> and g(x) = 6x — 5.
flgx) = fl6x = 5) = (6x = 5)° = h(x)

136.

h(x) = Ix +2

Answer is not unique.

One possibility: Let g(x) = x + 2 and f(x) = ¥x.
fle) = flx +2) = ¥x +2 = h(x)
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137. v(t) = —31.861% + 233.6¢ + 25%4
d(t) = —4.18¢% + 571.0t — 3706
@ (v + d)()) = v() + d)
= —36.04¢% + 804.6t — 1112
(v + d)(¢) represents the combined factory sales (in millions of dollars) for VCRs and DVD players from 1997 to 2003.

(b) 400 (©) (v + d)(10) = $3330 million
B0

V()
L d)

138. (a) N(T(z)) = 25(2¢ +1)> = 50(2¢t + 1) + 300, 2<t<20 (b) When N = 750,

= 25(4t% + 4t + 1) — 100t — 50 + 300 750 = 100¢2 + 275
= 100¢2 + 1007 + 25 — 100z + 250 1002 = 475
= 1002 + 275 2 =475

The composition N(7(¢)) represents the number of t = 2.18 hours.

ia in the f fi i f time.
bacteria in the food as a function of time After about 2.18 hours, the bacterial count will reach 750.

139. flx)y=x—-17 140. f(x)=x+5
) =x+7 y=x+5
@) =fe+D=&+7) -7=x x=y+5
FFUD) =f -7 =k-7+7=x y=x—5
flx)=x-5

@) =fx—5=x-5+5=x
U@ =fa+5)=x+5-5=x

141. The graph passes the Horizontal Line Test. 142. No, the function does not have an inverse because some
The function has an inverse. horizontal lines intersect the graph twice.
143. f(x) =4 — %x 144. No, the function does not have an inverse because some

The graph passes the Horizontal Line Test. The function horizontal lines intersect the graph twice.

has an inverse. 6

- IRV

-4 8 -2
-2
2 . . .
145. h(t) = 3 146. Yes, the function has an inverse because no horizontal
. . . lines intersect the graph at more than one point.
The graph passes the Horizontal Line Test. The function grap P
has an inverse. 6

4

aR. =
™ -
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147. (a) fx) =3x—3

y=mx—3

x=%y—3
x+3=%y
2+ 3) =y

ffix)=2x+6

(¢) The graph of 7! is the reflection of the graph
of f about the line y = x.

148. f(x) =5x — 7
(a) y=5x—17

x=5y—17
x+7=>5y
x+7

5 y

- :x+7
e =5

(c) The graph of £~ is the reflection of the graph
of f across the line y = x.

149. (@) fx)=Vx+1

y=Vr+1

x=Vy+1

X=y+1
X2—=1=y

i) =x2—-1,x=20

Note: The inverse must have a restricted domain.

(c) The graph of £~ is the reflection of the graph
of f about the line y = x.

150. f(x) = x>+ 2

(a) y=x3+2

x=y’+2
x—2=y
Yx=2=y

) = Y =2

(c) The graph of £~ is the reflection of the graph
of f across the line y = x.

(b)

(d) The domains and ranges of f and f ! are the set of
all real numbers.

=

(b)

s O o
=

(d) The domains and ranges of f and ! are the set of
all real numbers.

O

(d) The domain of f and the range of f " is [—1, co).
The range of f and the domain of £~ is [0, co).

(b) 7

(d) The domains and ranges of f and ! are the set of
all real numbers.
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151. f(x) = 2(x — 4)?is increasing on [4, co).
Let f(x) = 2(x — 4)%, x > 4andy > 0.
y=2(x — 4)?
x=2(y—42x20,y=4

X
A —4)
> (y-—4)
X
Toy-u4
\/2 Y
\ﬁ“‘_
5 y
f*](x)=\/§+4,x20

153. 1 =2.09t + 372
(a) i

Median income
(in thousands of dollars)

t
56789101112
Year (5 <> 1995)

(b) The model is a good fit to the actual data.

155. D =km

4 = 2.5k

156.

1.6 =k

In 2 miles:

D = 1.6(2) = 3.2 kilometers
In 10 miles:

D = 1.6(10) = 16 kilometers

158. 159.

[~ < |=

800 =

B W

k = 4000

x = £600 = 667 boxes

P = kS?
750 = k(27)?

152.

154.

k = 0.03810395

P = 0.03810395(40)3
= 2438.7 kilowatts

r=k
p
k
3_65
k = 3(65) = 195
=19

r

When r = 80 mph,

195

) =[x =2

Increasing on [2, co)

Let f(x) =x—2,x>2,y=0.
y=x—2
x=y—2,x20,y22

x+2=y,x20,y=>2

ffx)=x+2,x20

(a) o0

sk . . . .. .1
2000

(b) S = 627t — 346
The model is a good fit to the actual data.

(c) S = 627.02(18) — 346 = $10,940.36 million

(d) The factory sales of electronic gaming software in

the U.S. increases by $627.02 million each year.

157. F = ks?
If speed is doubled,
F = k(2s)?
F = 4ks?.

by a factor of 4.

160. C = khw?
28.80 = k(16)(6)*
k=0.05
C = (0.05)(14)(8)?
= $44.80

T = —— = 2.4375 hours

80

= 2 hours, 26 minutes.

Thus, the force will be changed
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161. False. The graph is reflected v 162. True. If f(x) = x% and g(x) = ¥, then the domain of
in the x-axis, shifted 9 units NI g is all real numbers, which is equal to the range of f
to the left, then shifted 13 L L and vice versa.
units down. “12-9 -6 -3 e o

3+

T
163. True. If y = kx, then 164. The Vertical Line Test is used to determine if a graph of
1 v is a function of x. The Horizontal Line Test is used to
x = %y. determine if a function has an inverse function.

165. A function from a Set A to a Set B is a relation that assigns to each element x in the Set A exactly one
element y in the Set B.

Problem Solving for Chapter 1

1. (a) W, = 0.07x + 2000 (c) 5000

(b) W, = 0.05x + 2300 /
(15,000, 3050)

(d) If you think you can sell $20,000 per month, keep
your current job with the higher commission rate. For 0 [ 30,000
sales over $15,000 it pays more than the other job. 0

Point of intersection: (15,000, 3050)

Both jobs pay the same, $3050, if you sell $15,000
per month.

2. Mapping numbers onto letters is not a function. Each number between 2 and 9 is mapped to more than one letter.
{(2,4),(2,B),(2,0),3,D),3,E), 3, F), (4, G), (4, H), (4, 1), (5, ]), (5, K), (5. L),
(6, M), (6,N), (6,0), (7, P), (7, 0Q), (7,R), (7,5), (8,7), (8, V), (8 V), (9, W), (9. X), (9, Y), 9, 2)}

Mapping letters onto numbers is a function. Each letter is only mapped to one number.
{(4,2),(B,2),(C.2),(D,3),(E,3),(F,3), (G, 4), (H,4), (1,4), J,5), (K, 5), (L, 5),

(M, 6), (N, 6),(0,6), (P, 7),(0,7), (R, 7). (S, 7), (T, 8), (U, 8), (V. 8), (W, 9), (X, 9), (¥, 9). (Z, 9)}

3. (a) Let f(x) and g(x) be two even functions. Then (c) Let f(x) be odd and g(x) be even. Then define
define h(x) = f(x) + g(x). hx) = fx) + g(x).
h(=x) = f(=x) + g(—x) h(=x) = f(=x) + g(—x)
= f(x) £ g(x) since fand g are even = —f(x) + g(x) since fis odd and g is even
= h(x) # hix)
So, h(x) is also even. # —h(x)

(b) Let f(x) and g(x) be two odd functions. Then define
h(x) = flx) £ g(x).
h(=x) = f(=x) £ g(—x)
—f(x) ¥ g(x) since fand g are odd
= ~hty
So, h(x) is also odd. (If f(x) # g(x))

So, h(x) is neither odd nor even.
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4. fx) = x glx) = x
y y
3 34
2 2
1 1
S a0 TN
AR -1+
2+ 24
—3+ =3
(fof)x) = x and (g - g)(x) = x
These are the only two linear functions that are their own inverse functions since m has to equal 1/m for this to be true.
5. f(x) = ap X"+ ay, X" 72+ - - -+ a X + g
F(=x) = @y, (=) + a5, 5(=2)" "2+ - - -+ ay(—x)* + q,
=y X+ ay, X2 4+ ax? + oq
=f)
Therefore, f(x) is even.
6. It appears, from the drawing, that the triangles are equal; thus (x, y) = (6, 8). y .
The line between (2.5, 2) and (6, 8) is y = ~x — 2. The line between (9.5, 2) :
and (6, 8) isy = —x + 12, The path of the ball is: 6 6
8 ft
) Ly 18 25<x<6
X) =
SB <o oxl EXI
12 ft
. distance _ 2100 _ 180 5
7. April 11: 10 h = = = =95=
(a) Apri ours (b) Speed time 3 1% 7 257 mph
April 12: 24 hours
@
April 13: 24 hours 4000
5 % 3500
April 14: 233 hours E 3000
I e— £ 2500
Total: 813 hours g 2000
g 1500
Z 1000
(c) D= —l;ﬁt + 3400 2 s 7
30 60 90 120 150 !
Domain: 0 < ¢t < 119& ours
Range: 0 < D < 3400
X)) —J 2)—f(1) 11— X)) —J 1.125) — f(1 234375 —
S(a)f(z) f(l):f() f(): 0:] (d)f(z) f(]):f( 5) f():0335 021.875
X, — X, 2—-1 1 X, — X, 1.125 — 1 0.125
X)) —flx 1.5) —f(1) 075 -0 X)) —flx 1.0625) — f(1) _ 0.12109375 — 0
(b)f(z) f(1)=f( ) f()= 15 (e)f(z) f(1)=f( ) f()= = 1.9375
X, — X 1.5-1 0.5 X, — X 1.0625 — 1 0.625
- 1.25) — f(1 4 -
(c) 1) = ) = £01.25) = f( )= 04375 ~0 _ 1.75 (f) Yes, the average rate of change appears to be approaching 2.
X, — X, 125 -1 0.25

—CONTINUED—
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8. —CONTINUED—

11.

(g a (1,0),2,1),m=1y=x—1
0.75

b. (1,0),(1.5,0.75),m = —— =15,y =1.5x — 1.5

0.5
0.4375

¢. (1,0), (1.25,04375), m = ==

0.234375
d. (1,0),(1.125,0.234375), m = W

e. (1,0), (1.0625, 0.12109375), m

(h) (1,f(1)) =(1,0,m—2,y =2(x— 1),y =2x — 2

. (a)—(d) Use f(x) = 4x and g(x) = x + 6.

(@ (fg)x) = flx +6) = 4(x + 6) = 4x + 24

) (Fog) ') = % - ix ~6

© 7100 =

g'x)=x-6
m>@*uf*xa:gf(%):ix_6
() flx) =x*+ 1andglx) = 2x

(feg)) =f(2x) = (20 +1=8x +1

iy = 3/ 1 —
(fog) ') = g Ty Vr— 1
i) =3x-1

1
¢ = v

_ 0.12109375
0.0625

1
(¢t ef ) = g (¥ =1) =5 a1
(f) Answers will vary.

(g) Conjecture: (f°g)~'(x) = (7" =)

1, x=20
oo < 1
) {o, x<0

y

34

24

| @
-3 -2 -1 1 2 3 !

N

24

34

—CONTINUED—

=175y = 175x — 1.75

= 1.875,y = 1.875x — 1.875

= 19375,y = 1.9375x — 1.9375

10. (a) The length of the trip in the water is /22 + x?, and
the length of the trip over land is </1 + (3 — x)2.
Hence, the total time is

4+x2+ 1+ (3 - x)?

> n hours.

T(x) =

(b) Domain of T(x): 0 < x < 3
(c) 3

_

0

(d) T(x)is a minimum when x = 1.

(e) To reach point Q in the shortest amount of time, you
should row to a point one mile down the coast, and
then walk the rest of the way.
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11. —CONTINUED—

() Hkx) — 2 (b)
1
.1
1+
S [0 s
— | G—
34
(d) H(—x) (©
N
.1
—l.
3 —; T 5 5
-3
12 f() =y = —
: Y 1—x

(a) Domain: all x # 1
Range: ally # 0

o) f(f&) = f (1 : x)

Domain: all x # 0, 1

1

© @) =f(" - 1) - (g )
Domain: all x # 0, 1 ’

The graph is not a line. It has holes at (0,

(1,1).

-3 -2 -1

¢

0) and

() —H(x)
,
N
.1
N
+ + + X

-3 =2 -1 1 2 3

— | —
_2<
,3<

13. (fo(g - M)x) = f((g °h)x))

= f(g(h(x)))
= (feghx)

(feg) - Mx) = (f°)(h(x))

= f(g(h(x))
= (feghx)
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14. (@ fx+ 1) (b) fx) +1
pui
3
N
' -4 3 i I 34

(©)

2f(x)

(&) —fx) ) [f()]
(@ f(x])
15 x | f&) ] ) @ x| A(FW) ®) x | (F+ )
-4 — 2 —4 | f(f1(-4) =102 = =3 f(=3)+f(-3)=4+1=5
-3 4 1 =2 | f(f1(=2) =£0) = 2| f(=2)+f(-2)=1+0=1
-2 1 0 0 | f(f710) =f(-1)=0 0 | fO+fY0)=—-2+(-1)=-3
-1 0 — 4 | f(f'@) =f(=3) =4 1 f) +f711) = =3+ (-2) = -5
0 -2 —1
(©) - (d) .

| S 5, x | (f ) x | W)
) | — =3 | f(=3)(=3)=@01) =4 —4 | | =121=2
3 _ | _ =2 | f(=2f(=2)=(1)(0) =0 =3 | =3 =1 =1
4 | 3 0 | fO)0) = (=2)(=1) =2 0 | Y0 =|- 1|_1

1 FF1(1) = (=3)(-=2) =6 4 lfF @) =-3] =
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Chapter 1  Practice Test

10.

11.

12.

13.

14.

15.

. Given the points (—3, 4) and (5, —6), find (a) the midpoint of the line segment joining the points,

and (b) the distance between the points.

. Graphy = V7 — x.
. Write the standard equation of the circle with center (— 3, 5) and radius 6.

. Find the equation of the line through (2, 4) and (3, —1).

. Find the equation of the line with slope m = 4/3 and y-intercept b = —3.

. Find the equation of the line through (4, 1) perpendicular to the line 2x + 3y = 0.

. If it costs a company $32 to produce 5 units of a product and $44 to produce

9 units, how much does it cost to produce 20 units? (Assume that the cost
function is linear.)

. Given f(x) = x> — 2x + 1, find f(x — 3).

fx) = f03)

. Given f(x) = 4x — 11, find ———+

x—3
Find the domain and range of f(x) = /36 — x2.

Which equations determine y as a function of x?
(@) 6x —5y+4=0
®) > +y?=9

© y¥=x>+6
Sketch the graph of f(x) = x> — 5.

Sketch the graph of f(x) = |x + 3|.

2x + 1, if x = 0,

Sketch the graph of f(x) =
ctch the graph of /(x) {xzx,ifx<0.

Use the graph of f(x) = |x| to graph the following:
@ flx+2)
(b) —f(x) + 2
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16. Given f(x) = 3x + 7 and g(x) = 2x> — 5, find the following:
@ (g =)
(b) (fg)x)

17. Given f(x) = x> — 2x + 16 and g(x) = 2x + 3, find f(g(x)).

18. Given f(x) = x> + 7, find f~ '(x).

19. Which of the following functions have inverses?
(@ f(x) =[x = 6|
®) fx) =ax+ b, a#0
©) flx) =x>—19

3 —
20. Given f(x) = . />—= 0 < x < 3, findf~ ' (x).
X

Exercises 21-23, true or false?

21. y=3x+7andy = %x — 4 are perpendicular.

22. (feg) =g 'of!

23. If a function has an inverse, then it must pass both the Vertical Line Test and the
Horizontal Line Test.

24. If z varies directly as the cube of x and inversely as the square root of y,
and z = —1 when x = —1 and y = 25, find z in terms of x and y.

25. Use your calculator to find the least square regression line for the data.

X -2 -1 0 1 2 3

y 1 24 3 3.1 4 4.7




